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10 INTRODUCTION

Because of concerns about the impacts of dredging and placement of mamtenance material
from the Gulf Intracoastal Waterway (GIWW) in the Laguna Madre, an Interagency Coordination Team
(ICT) was formed to determine areas where there was madequate information to address concerns In
August 1994, at the request of the ICT and through a Memorandum of Agreement between the U.S. Army
Corps of Engineers (USACE), Galveston District and the Texas A&M Research Foundation, personnel from
the Conrad Blucher Institute for Surveying and Science (CBI) at Texas A&M Umversity-Corpus Christi
(TAMU-CC), the Marme Science Institute of the University of Texas (UTMSI), and the Center for Coastal
Studies (CCS) of TAMU-CC mitiated a multi-disciplnary, multi-year study (the CBI Study), the first year
of which has been described in Brown and Kraus (1997) and Militello et al. (1997).

The CBI study included the collection (and, originally, the reduction and interpretation) of
the followmng types of data current velocity, turbidity, salinity, pH, temperature, dissolved oxygen,
chlorophyll-a, incident and underwater light irradiance (photosynthetically active radiation or PAR), total
suspended solids (TSS), particle-size distribution, ard, for the most recent data set, water-level data These
data were supplemented by water-level and wind measurements from Texas Coastal Ocean Observation
Network (TCOON) platforms located at Port Isabel, Arroyo Colorado, and South Padre Island. The
objectives of this multidisciplinary study were to assess water flow and sediment transport conditions and
to identify possible modifications of the dredging practice to both reduce environmental nmpacts and to
mummize the cost and frequency of dredging

The CBI Study has collected an enormous volume of measurements, but the project has
suffered from three inter-related problems: faillure or questionable validity of portions of the data record,
a consequence of the experimental nature of the equipment; lack of consistent data-recovery and pre-
processing protocols, and substantial changes mn personnel at CBI leading to discontinuity in staffing of the
project. Previous reports developed in the CBI project, 1 addition to the two Year-1 reports cited above,
mclude two data reports Brown (1997) and Ussery (1997, with an addendum, Ussery, 1998).

In April 1998, the ICT authorized, via a USACE Contract, the reduction and mterpretation
of the data from the CBI Study by PBS&J and Dr George Ward (Present Study) Therefore, all available
data collected from fixed-platform stations instalfed and maintained by CBI for the period of September 1994
through May 1998 have been retrieved, subjected to QA/QC analysis, and processed. The analysis of these
processed data, including those discussed in the Year-1 reports, constitutes the basis for the present report.
Thus report is therefore a composite effort of many contributors, including the previous reports Brown and
Kraus (1997), Militello et @l {1997), Ussery (1997) and Brown (1997), from which text has been used
where appropriate, and represents the efforts of these earlier mvestigators, the present staff of CBI,
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especially Ms. Sara Ussery and Dr. Robert Benson, and the staff of PBS&J and Dr Ward, The project
study area description in this chapter and the original platform and mstrument array (Chapter 2), in
particular, are taken largely from Brown and Kraus (1957) and Militello er al (1997)

Because we have a larger base of data at our disposal, the data interpretation is new, even with
respect to the Year-1 data, since, as described in detail in Chapter 3, during the Q/A effort for the present
stedy, data problems emerged that were not accounted for in the earlier reports of Brown and Kraus (1997),
Brown (1997), and Militello et al (1997). The present report does not, however, replace these earlier
reports. Some of the chapters in Brown and Kraus (1997), Brown (1997), and Militello ef al (1997) either
(1) were only first year activities and are not included mn the scope of the present project (e.g, the chapter
concerned with the dredging-event sampling) or (2) are being reported separately by others (e.g., chapters
on light attenunation and seagrass distribution) Brown and Kraus (1997), Brown (1997), Militello et af
(1997), or Dunton (in preparation) should be consulted for that information.

1.1 STUDY AREA AND BACKGROUND

The Laguna Madre 1s a shallow, coastal embayment extending approximately 200 km
(125 miles) southward from Corpus Christ1 Bay to Port Isabel, Texas, near the border with Mexico
(Figure 1-1) The hypersaline conditions of the Laguna Madre are primarily attributed to the limited water
exchange with the Gulf of Mexico, negligible fresh water mflow, and high evaporation rate (Breuer, 1962;
Ward, 1997) Exchange between the Laguna Madre and the Gulf of Mexico is lunited to three permanent
openings Brazos Santiago at the southern termums of the Laguna Madre, Mansfield Pass, and Aransas Pass
at the northern terminus via Corpus Christi Bay

Based on area, the Laguna Madre comprises only 20% of the coastal embayments of Texas,
but 1t contamns approxunately 80% of its seagrasses. Seagrass meadows cover most of the bottom of the
Laguna Madre due to a combination of shallow depth and relatively low allochthonous inputs of suspended
particles and nutrients (Quammen and Onuf, 1993) The high productivity of the Laguna Madre, inferred
from finfish catch, has been well correlated with the presence of the extensive seagrass beds (TDWR, 1979).

The Laguna Madre 1s subdivided into two basins each with an average depth of about 1 m,
referred to as the Upper Laguna Madre (ULM) and the Lower Laguna Madre (LLM). The basms are
separated by a wind-ndal flat, the Saltillo Flats, about 40 ki i length. The GIWW, with project dunensions
of 4 m depth, 38 m bottom width, and 64 m top width, was dredged through the entire length of the Laguna
Madre, from Corpus Christt Bay to Port Isabel in the 1940s. The Galveston District of the USACE
completed the GIWW along the south Texas coast m 1949, connecting the upper and lower basins via the
channel cut through Saltillo Flats, known as the Middle Ground (a k a., Land Bridge, Mudflats, Land Cut)
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The construction of the GIWW is considered to have moderated the hypersaline conditions
m the Laguna Madre. In the lower Laguna Madre, prior to the construction of the GIWW, salinities greater
than 60 parts per thousand (ppt) were measured routmely Subsequent to the construction of the GIWW,
salmities rarely exceed 40 ppt (Quamiman and Omuf, 1993} The ULM has no major stream tributaries. The
lack of fresh water input coupled with the semi-arid climate (so that evaporation exceeds precipitation) has
caused historical hypersaline conditions. Prior to the opening of the GIWW salinity values reached 100 ppt
(Collier and Hedgpeth, 1950) Since opening of the GIWW through the ULM in 1949, salmnity levels have
been reduced and rarely reach the extremes observed prior to its opemng  Salinity n the Upper Laguna
Madre south of Baffin Bay did not rise above 60 ppt from 1967 to 1989 (Quammann and Onuf, 1993)

The predomunant forcings responsible for the resuspension and transport of sediments include
wind-induced currents, waves, tidal currents, and vessel-mduced motions Other factors that affect sediment
transport, perhaps mdirectly, are water depth, fetch, bottom morphelogy, sediment type (mineralogy,
organic material), gram-size distribution, and bottom coverage of aquatic plants. During periods of strong
winds, wave action and strong currents apply stress to the bottom, which, in turn, resuspend sediments into
the water column Once suspended, the sediment particles are transported by the currents to another, lower
energy location where they are deposited. Some of these factors are examuned in this report, while others
are included in other reports for the ICT (Dunton, mn preparation, EH&A 1998a, b, Lee Wilson Associates,
1998, Morton et al , 1998; Sheridan, 1998).

Several areas of environmental concern have been 1dentified by these studies, especially with
regard to seagrass health, relating to adverse effects of sediment resuspension and deposition These include
the reduction of light available through the water column, and burial or sediment coatings on seagrasses.
The light reduction and sediment coatings reduce the capability of seagrasses to perform photosynthesis and
can degrade the health of the seagrass beds. An assessment of increased turbidity and suspension of solids
into the water column 1n relation to dredging provides information that can be applied to mamtenance
dredging operations and material placement locations and methods

1.2 STUDY DISCUSSION

While the overall purpose of the CBI Study was to provide measurements that would yield
mformation on the mmpacts from dredged material placement in the Laguna Madre and data necessary for
the models that were being developed for the ICT, the original locations of the platforms n the ULM and
LLM were designed for other specific objectives relanve to dredging activities

1. Encroachment of sediment on seagrass beds,
2. Resuspension of sediment in dredged maternal placement areas,
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3 Reduction of light within the water column,
Transport of dredged material back into the GIWW and loss of material from
placement sites,

5. Understanding of cause-and-effect relations between hydrodynamic forcing and
sediment movement.

The ICT authorized CBI to continue to collect data to better understand the hydrography and sediment
transport m the Laguna Madre and to provide immput into the hydrographic and sediment transport models
bemg developed for the ICT by the Waterways Experiment Station

The objective of the present work is to subject all data collected in the CBI project to a unified
data-recovery process, by which is meant acquisition, Q/A screening, and processmg. The work is
conveniently subdivided according to geography, viz. the ULM and LLM systems. The focus of this work
18 on “hydrographic” data, 1 e., the digital records from:

1 acoustic doppler velocimeter (ADV) - three components of current velocity,

2 electromagnetic current sensor - two horizontal components of current velocity,

3. conductivity - mternally converted to salinity m practical salmty units (PSU)
equivalent to parts per thousand (ppt),

4 temperature - degrees Celsius,

5 turbidity - measured by an optical backscattermg probe and reported in NTUs
(nephelometric turbidity units),

6 water level - high resolution variation in water-surface elevation derived from
pressure measurement

These hydrographic data sets were supplemented by additional data, including TSS
determinations on water samples, field and laboratory measurements of salnity, and data logs from
proximate TCOON platforms, especially water level (“tide”) and meteorological observations (ﬁfind,
pressure, air temperature)

As matters developed, the onigimal platform instrument packages used for the Laguna Madre
did not include water level In data interpretation (see Chapter 4), the ancillary environmental data obtained
from proximate TCOON stations included water level, but this, of course, did not provide a direct
measurement of wave activity at the measurement platform. For the new mstrument packages (data collected
after October 1997), pressure (1e, water level) is included in the array. During this same re-
nstrumentation the earlier ADV current sensors were teplaced with the electromagnetic sensors.
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Additional detzail on the instramentation and deployment is given in Chapters 2 and 3 Various
analyses of the measurements are treated m Chapters 4 through 6, addressing the hydrographic environment,
currents, and suspended sediments, respectively. Interactions among these variables and wnterpretation of
the results are reserved for Chapter 7. A summary of the findings of thus data reduction and analysis effort,
plus conclusions and recommendations, 1s presented in Chapter 8.
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20 FIELD DATA COLLECTION

Overall, the field data collection consisted of sustained long-term in-sitz monitoring of
physical, chemical, and biological parameters from six fixed platforms, and collection of water samples for
laboratory analysis. Instrumentation and associated support equipment were installed beginning in August,
1994. This data recovery project is concerned only with the hydrodynamuc and hydrographic components
This chapter describes the automatic monitoring component of the study, including instrument deployment
information (deployment dates and location), equipment utilized, and calibration and mamntenance
procedures, This chapter also describes the platforms and the instrumentation and equipment 1nstalled on
them, together with the general data-collection process.

21 MONITORING PLATFORMS AND INSTRUMENTATION

Locations of the monitoring platforms are shown n figures 2-1 and 2-2, and coordinates and
dates of installation for each platform are provided m Table 2-1. The original three fixed platforms i the
LLM, denoted as LLM1, LLM2, and L1.M3 (FIX &, FIX 2, and FIX 3 in Brown and Kraus, 1997), were
mstalled along a line running transverse to the GIWW at Channel Marker 91 in the Lower Laguna Madre,
see Figure 2-1, and were operated until June 1996. At that time, LIM2 and LLM3 were dismantled.
LLM2 was moved to a seagrass meadow east of the GIWW and designated LT M2a, which became LLM2N
with the installation of the new instrumentation in 1997 (Figure 2-1) LLM3 was re-established at LLM3N,
near Port Mansfield, in May 1997 but no data were collected and it was removed in July 1997. This
platform was re-installed at this same location, still designated LLM3N, in November 1997 with new
instrumentation, Like LLM2a/LLM2N, it was moved to collect data from a variety of locations with
differing amounts and types of seagrasses.

The northern-most platform, designated as ULM1, was located m Corpus Christi Bay
(Figure 2-2) near the northern termmus of the ULM approximately 0.4 km east of the GTWW. This
platform was intended to provide data from the vicinity of dredging sites on the southern side of Corpus
Christi Bay. Platform ULM2 was placed 1n the Upper Laguna at the mouth of Baffin Bay, approximately
0.8 km west of the GIWW. The southernmost ULM platform, ULM3, was located approximately 10 2 km
south of ULM2, and 0.3 km east of the GTIWW, near the northern limut of the Mudflats. Both ULM2 and
ULMS3 were mntended to provide information in the vicinity of dredging sites along the GTWW near the
mouth of Baffin Bay An additional purpose for these platforms was to provide data on physical processes
and water quality for Baffin Bay, a relatively unstudied site
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FIGURE 2-1

CBI AND TCOON STATIONS IN LOWER LAGUNA MADRE
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FIGURE 2-2

CBI AND TCOON STATIONS IN UPPER LAGUNA MADRE
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Platform
Name

1IL.M1
LLM2
LLM3

LLM?2a/2N
LLM3N

ULM1
ULM2
ULM3

TABLE 2-1

PLATFORM INFORMATION
Date of Date of Latitute
Installation Removal

28-30 August 1994
28-30 August 1994
28-30 August 1994

4 June 1996
28 February 1997

1 November 1994
4 November 1994
4 November 1994

12 March 1998
4 June 1996
4 June 1996

2 April 1998
5 March 1998

7 May 1998
7 Apnil 1998
9 March 1998

26°10'452" N
26° 10'509" N
26° 10'58.1" N

26° 08' 05" N
26°39'00" N

27°41'27.5"N
27° 1708 2" N
27°11'327"N

Longitude

97°15'36.2" W
97° 15'36.2" W
97° 15' 04.3" W

97°12'28" W
97°24' 00" W

97°12"178"W
97°24'56 9" W
97°25' 422" W



211 Description of Monitoring Platfo

The platforms were constructed usmng 6 in-square 15-ft treated wooden posts, which were
embedded approximately 1.2 to 1.5 m (4 to 5 ft) into the bottom using a jet-pump. For LLM1, a pile driver
had to be used to drive the legs through an apparent layer of shell located approximately 1 m below the
bottom of the lagoon Elevated platforms were consiructed, with a deck located approximately 1.5 m above
the mean water level to reduce exposure of the equipment to waves and salt spray. The exception was
ULMS3, which used an existing USACE platform refurbished for this study, a tri-leg wood structure 10-ft
on one side and 8-ft on the other sides with a deck and railing. The platforms and equipment were originaily
wstalled during the period of August 28-31, 1994 (LLM) and November 14, 1994 (ULM), and the stations
became fully operational when data-collection commenced on August 31, 1994 (LLM) and November 4,
1994 (ULM).

The full complement of automatic momtoring equipment at this time included current velocity
sensor, electrometric probes for conductivity and temperature, fluorometer for chlorophyll-a, and optical
trbidity. In some equipment packages at some platforms for some periods, measurements of pH, dissolved
oxygen, pressure {(which could be converted to water level) and radiation in the photosynthetically available
radiation (PAR) bandwidth were included as well. The specific equipment varied over the course of the
program Originally, the mstrumentation array at platforms LLM1, ULM1, ULM2, and ULM3 was
comprised of. Sontek acoustic doppler velocimeter (ADV), Chelsea Fluorometer, Hydrolab conductivity/
temperature probes, and Li-Cor turbidity sensor, together with equipment that logged, stored, and
transmutted the data.  Two PAR sensors were located at each platform, one above the water surface and one
approximately one m below mean sea level. In addition to in situ measurement sensors, the platforms were
equipped with ISCO antomatic water samplers

Figure 2-3 (from Brown and Kraus, 1997) shows the early main monitoring platform, LLM]1,
which was equipped with two environmental enclosures to minimize exposure of electronics and equipment
to salt water, ram, and spray. One environmental enclosure housed the batteries, and the other enclosure
contained the data collectors, signal processing units, and radio communications equipment Power was
supplied to the station by two gel cell batteries, which were charged by four solar panels. LLMI1 was
origmally the principal platform for the Lower Laguna. The stations LLM2 and LLM3 served a
supplementary purpose, and were equipped only with ISCO water samplers. These samplers collected water
at specified times (here, twice daily as described below) and stored the water samples until they were
retrieved and taken to CBI for analysis of total suspended solids (TSS) and particle size distribution.
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All sensors with the exception of the PAR sensors were logged with a specially-designed, low-
power consumption micro-computer. The data collector had on-site storage capacity of approximately
14 days of data at the sampling rates used. As noted above, LLM2 and LLM3, m this stage of data
collection, were only used for water-sample collection 'When LEM2 and LLM3 were moved to
LLM2a/L1LM2N and LLM3N, respectively, they were equipped with the full suite of data collection
equipment, which included Sontek ADV, Sea-Tec Fluorometer, Druck Pressure sensor, Seapoint Turbidity
sensor, and an ISCO sampler. However, no data were collected from LLM3N with this mstrument array.

The status of the data-collection system was checked remotely and data were transmiited to
CBI via packet radio-modem connection Originally, data were downloaded from LLM]1 via a high-speed
packet radio connection between the data-collection platform and a radio tower located in Los Fresnos,
Texas, which then relayed the files to CBI via a modem/phone line connection. Subsequently, the data were
downloaded via a high-speed packet radio connection between the data-collection platform and the University
of Texas - Pan American Coastal Studies Laboratory located 1n the Town of South Padre Island, and then
the data were transferred to CBI via an Internet connection Once at CBI, the data were decoded and
mnported into the CBI Environmental Database where six-minute averages of all parameters were computed
and stored The data were then imported into the project database, where idividual parameters were plotted
and inspected.

The three momtoring platforms for the ULM were each equipped with one environmental
enclosure, as noted above, to mmmize exposure of electronics to the external environment Each
environmental enclosure housed the data collectors, signal processing units, radio commumnications controlier,
and batteries. The instruments and data loggers were powered by two 4-amp/hr gel cell batteries that were
charged by two 30-watt solar panels. A low-power consumption microcomputer of 6-amp/hr/day yielded
an on-site data storage capacity of approxumately 13 days. Each station employed a packet controller,
consisting of a radio and modem, which provided remote communication with the data-collection system
from CBE. ULMI had a UHF ommidirectional antenna which allows direct connection with CBI. Each of
ULM2 and ULM3 had a UHF whip-antenna affixed to the platform. The data generated at these platforms
were relayed from a radio tower located in Riviera, Texas, to CBL. Once at CBI, as with the LLM stations,
the data were decoded and imported into the CBI Environmental Database where six-minute averages of all
parameters were stored

In Fall 1997, the Laguna Madre platforms were completely re-equipped with new sensors and
dataloggers. The new mstrument array consisted of the Applied Microsystems Ltd Smart Pack™, which
measures pressure, temperature, conductivity, turbidity, and u and v current speed, using an electromagnetic
(Marsh-McBirney) sensor
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2.1.2 Platform_Mantenance

The mstallation and maintenance of the data-collection platforms proved to be more labor
intensive than anticipated. During the one-year perrod from August 1994 through September 1995, there
were approximately 100 days of field work A chronology of events, including servicing of the platform,
for the entire data collection period is presented in Appendix SR Early on, regular mamtenance of the fixed
platforms was performed approximately once a week, as weather permitted, with duties including inspection
of the data-collection and power systems, field cleaning of the ADV and fluorometer; weekly exchange of
the Hydrolab unit with a laboratory-calibrated unit and post-calibration of the instrument returned from the
field, replacement of the sample bottles 1n the automated samplers; replacement of batteries and desiccant,
as needed and replacement of a polyethylene bag that protected the subsea PAR sensor In addition,
electronically acquired data were downloaded and taken back to CBI to be uploaded into the database. Upon
removal from the automated water sampling umt, sample bottles were labeled and transported to CBI for
analysis

On February 8, 1995, radio contact was lost with ULM1 It is believed that a vessel had tied
up to the platform during a storm the previous day and had uprooted the station. Repairs were made, and
the station was back on line by February 15, 1995. An ADV was lost m this event. Umversity of Texas
Marine Science Institute (UTMSI) personnel maintained the PAR sensors and associated dataloggers, which
were checked at monthly intervals, with prelimnary data inspection carried out in the field Additionally,
sensor mamtenance trips were scheduled so that the biofouling bag over the sensor was replaced every 2 to
3 weeks.

2.1.3 Instrumentation

Three components of water velocity (north-south u, east-west v, and vertical w) were
measured continuously by Acoustic-Doppler Velocimeters (ADVs) manufactured by SonTek (San Diego,
Califormia, USA), which 1s a new type of current meter that is reported to be highly accurate (even at weak
water velocities) and robust against drift due to aging and biofouling The ADYV acoustically measures the
three components of flow velocity at a point based on the Doppler-shuft principle The ADV has a centrally-
located transmitting transducer surrounded by three receiving transducers mounted on arms orientated at
120-degree angles The transmitting transducer emits periodic short acoustic pulses that are scattered back
by material n the water column, such as bubbles and suspended material, assumed to move at the speed of
the water flow These acoustic echoes are detected by the receivers. By knowledge of the orientation of
the acoustic beams and the principle that the frequency of the echo is Doppler shifted according to the
relative motion of the scattermg material, the orthogonal components of current velocity are computed. The
ADV has a resolution of 0 1 mm/s over the range of 0 to 2.5 m/s and an accuracy the greater of 10 25%
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or +0 25 cm/s (Kraus, et ¢l 1994). In this study, the sampling rate of the ADV was 1 Hz with 6-min
averages of each component of the water velocity, signal-to-noise ratio, and correlation coefficients stored
in the on-site datalogger The signal-to-noise ratio and correlation coefficients were used to determine the
quality of the velocity data and to identify problems associated with the hardware, such as misahgned
recervers or biofouling of the transmitters or receivers. The position and distance for the transmitter and
each of the receivers were correlated against preset factory vales of their positions. The ADVs were
mounted at mid-depth with the probe oriented in such a manner that positive flow components (u, v, w) were
directed toward the north, west, and upward, respectively.

The ADV sensors were originally developed as an ultra-precise high-resolution current sensor
for laboratory measurements, mtended to compete with laser doppler anemometers (LDAs) Adoption of
the ADV technology for the hostile field environment was one of the primary objectives of the data collection
program. The advantages of the technology, if it could be successfully applied m the field, would aliow
direct measurements of many processes that have heretofore been categorized as "turbulent” Moreover,
1f measurements of turbidity could be made at comparable time resolutions, then turbulent fluxes of sediment
could be directly computed Even if these experiments failed, the technology was expected to yield much
more resolved details on estuarine currents than had been capable of measurement before

The ADVs proved to be as sensitive and precise m field apphication as in the laboratory, but
they also proved to be difficult to maintain and susceptible to damage Calibration can be problematic Each
sensor has 1ts own unique calibration which 1s established in precise laboratory testing by the manufacturer.
Installation and maintenance are not "user-friendly" but require training and expertise with the technology.
During the first 6 months of data collection, the range setting for the ADVs was set incorrectly. The ADV
range settings were corrected i May, 1995 This incorrect sething caused parts of the ADV data to be
mvalid and unrecoverable Because of this problem, ADV data analyzed in this report are those collected
after June, 1995 The exact alignment of the transducers 1s critical to mamtaming proper cahibration Their
exact mstallation 15 crucial, and any later encounters with flotsam or massive objects floating in the water
column, such as an errant mullet, can distort the data It was discovered, for example, 1 using the same
equipment in a platform in Lavaca Bay that a shight nusalignment of the sensor at mstallation could produce
anomalously large vertical components of current.

After November 1997 for ULM2 and December 1997 for all other sites, a different sensor
was used, namely an electromagnetic sensor manufactured by Marsh-McBirney and comprising part of an
integrated sensor package, the Smart Pack™ from Applied Microsystems Ltd (As noted above, this package
also mcludes sensors for pressure, temperature, conductivity, and turbidity ) This sensor is less precise and
sensitive than the ADV and cannot, therefore, yield the furbulent fine structure, but it is a sensor designed
for field work, with a long record of satisfactory performance 1 rugged, hostile coastal settings The range
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of the mstrument 1s 0 - 3 m/s and the accuracy 15 rated by the manufacturer at + 5 cm/s or better, with a
resolution of 0 1 cm/s or finer

Water-quality parameters for most of the data collection period were monitored using a H20™
Water Quality Multiprobe (Hydrolab™ Corporation, Austin, Texas, USA), equipped with turbidity, water
temperature, conductivity, pH, and dissolved oxygen sensors. The Hydrolab unit sampled every 2 min and
data were logged using the Blucher Data Collector. The Hydrolab units deployed in the field were calibrated
in the laboratory prior to deployment, with approximately weekly change-out of instruments. The specific
conductance, pH, and turbidity sensors were calibrated using standard solutions. The pH and turbidity
sensors were calibrated using a slope-calibration method and the conductivity sensor was calibrated using
a one-point calibration with a standard solution having a conductivity similar to that observed n the field
The turbidity sensor, which uses an optical backscatter sensor, was calibrated using 0.2-um filtered,
deiomzed water and 90 NTU formazin standard The dissolved oxygen sensor was air calibrated at
atmospheric pressure The temperature sensor was calibrated by the manufacturer during fabrication and
is considered stable for 3 years The calibration procedure followed for the conductivity probe was such
that an error of +3 ppt was typical for the resuliant salimty data. In 1996, some problems with the sahnity
data were discovered (Kraus, pers. comm., 1996) and improvements to the calibration procedure were
reported being made.

The re-equipment of the instrument packages m late 1997 mcluded replacement of the
Hydrolab probes with those that were part of the Applied Microsystems Ltd Smart Pack™, including sensors
for pressure, temperature, conductivity, and turbidity The temperature sensor is a pressure protected
precision thermistor with a tume constant of 350 ms The range of operation 1s -2 to 32°C, with an accuracy
rated at + 0 005°C or better and a resolution of 0 001°C or finer. The conductivity sensor is a platimzed
electrode cell Operating range is 0 - 6 5 S/m with an accuracy of +£0.01 mS/cm or better, and resolution
0 003 mS/cm or finer The turbidity sensor, like its predecessor, uses optical backscatter (OBS) technology,
with operating range of 0 - 2000 NTUs, and resolution of 0.1 NTU or finer.

The OBS technology was probably the greatest disappointment of this project. The sensor
proved to be exceedingly sensitive to biofoulmg on the optical surface. Even munute growth of marmne
periphyton and bacteria was sufficient to substantially increase light absorphion, and register an apparent but
fictitious mcrease m turbidity The OBS data records display an exponentially growing turbidity, which
appeared to be reset to a small value whenever the sensor was cleaned or replaced At the outset of the
project, 1t was acknowledged by all involved that this was uniried technology, particularly m shailow, highly
productive waters such as those of the Laguna Madre, and the potential for difficulties was recognized The
value of bemng able to monitor turbidity at the fine time resolution and wath the accuracy afforded by the OBS
Justified experimenting with its use in this field application Although no useful data were obtained, the
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experience acquired in using this technology represents a major advance in the adaptation of the method to
field environments typical of the Texas coast CBI personnel are continuing to experiment with the
technology and have recently developed some means of using transparent biocides to control biofouling
(Benson, pers. comm, 1998), which may offer promuse for use of the sensor in the future

Mid-depth water samples were collected twice daily at 6 00 AM and 6 00 PM (local time)
using a Model 2700 Portable Sampler™ (ISCO, Lincoln, Nebraska, USA). During approximately weekly
routne servicing, the samples were removed from the water sampler and transported to CBI for analysis
The samples were analyzed for total suspended solids and particle-size distribution of the suspended solids
Total suspended solids concentration was determined by filtering a known volume of the sample twice, using
two pre-weighed filters, a 1-#m glass fiber filter and a 0.45-m cellulose filter, which were then dned at
65°C to constant weight. The volume of sample filtered was typically 500 mL; however, 1f the sample
contained a relatively large amount of sediment, as determuned visually, the volume filtered was reduced to
250-300 mL. Once the concentration of total suspended solids was determined, the filters were archived m
labeled bags

22 OTHER AVAILABLE DATA

This monitoring effort was supplemented by other nstrumentation located in the region,
including water-level, air temperature and wind-measurement systems operated by CBI as part of the Texas
Coastal Ocean Observation Network (TCOON) and additional PAR sensors, operated by the National
Biological Survey (NBS) and UTMSI The TCOON real-time measurements are collected at approximately
40 stations along the Texas coast and stored in a database at CBI. Data from TCOON stations at S. Bird
Istand, for the ULM, and Arroyo Colerado, for the LLM were used in the present project for analyzing the
tidal and meteorological components of variations in physical and water-quality parameters Six-rmnute
water-level data provided by the TCOON tide stations are collected according to National Ocean Service
Standards and reported to an accuracy of 0 1 ft Wind speed (average wind speed and gust) and direction
data are collected hourly wath average wind speed based on a 5.5-min average sampled at 1 Hz and the gust
was defined as the highest 5 sec sustammed wind speed m the 5 5-mm sampling period. The wind
measurements are of particular sigmficance for understanding the role of the physical driving forces for the
resuspension and transport of sediment
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3.0

DATA VALIDATION AND SCRUBBING

Before the hydrographic data collected by the ICT project could be subjected to analysis, 1t
first had to be screened for anomalies, these anomalies reconciled, corrected or eliminated, then the data
compiled mto seamless "scrubbed" data files. As noted in Chapter 1, data collection on this project m the
Laguna Madre has been carried out over a nearly 4-year period by the Conrad Blucher Institute CBI), during
which the Institute operations, field procedures and equipment have undergone major modifications, creating
heterogeneous data records. For purposes of planning data transfer and screemng, 1t was convenient to
subdivide the CBI data sets mto four classes:

Data Set I — Data analyzed in the "Year 1" reports, Brown and Kraus
(1997) and Brown (1997) These data were collected in the period
September 1994 through August 1995. The Brown and Kraus (1997)
report also mcluded a small amount of data through December 1995.

Data Set II — Contmued data collection by the same personnel as
involved m Data Set I, presumed to have been carried in conformty
with the same Q/A and reduction protocols as Data Set I. Data
collection period extended generally from September 1995 o
September 1996

Data Set IIl — Hydrographic data collected under interim
management at CBI, from approximately October 1996 through early
spring 1997.

Data Set IV — Hydrographic data collected by the present CBI
personnel, from late fall 1997 through early spring 1998, utilizing
completely new equipment and re-designed data recovery protocols

The precise dates for Data Sets III and IV vary from station to station  As matters developed,
the distinction between Data Set II and Data Set III proved to be unnecessary, because these data sets were
generally m the same form and level of pre-processing, and therefore were operationally indistmguishable.

31 DATA ACQUISITION AND SCREENING
In the original project work plan, the data-recovery effort was conceived to be prosecuted in
three main task efforts
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Task 1 - For Data Sets I, II and IV, acquisition of data files from CBI and their combmation
mio a common data base for further analysis

Task 2 - Data acquisition, Q/A pre-processing and data compilation, Data Set III.
Task 3 - Data processing and analysis

Task 1 was intended to mnclude performing a Q/A mspection, primarily to msure the integrity
of the data transfer. As the project developed, the frequency and variety of data anomalies proved to be
much greater than originally anticipated, including Data Set I (which had already been analyzed and reported
in the Year-1 reports), so a concomitantly greater effort was necessary to complete the data scrubbing
process. The work on Task 2 was somewhat ill-defined at the outset of the data-recovery effort, pending
an assessment of the actual status of the Data Set IIT data files As the project evolved, CBI staff were able
to carry out the data processing exactly as with the other data sets (the primary anomalous aspect of Data
Set III proved to be prolonged gaps m the data streams), and the Task 2 effort was folded into Task 1
Task 3 began with the screened and scrubbed data files m consistent formats, and addressed the actual data
processing The Interagency Coordmnation Team (ICT) specified that this was to focus on statistics of
currents and associated hydrodynamic variables and was to follow the protocols and format of the Year-1
report, mcluding scatter plots and directional statistics, time series plots, and spectral analyses. This chapter
addresses Tasks 1-2, viz data acquisition, Q/A preprocessing and commlation

In any sort of data-collection enterprise hike this, electronic aberrancies in the data streams,
i e, lost records, data outages, calibration drifis and slippages, etc , are unavoidable and must be anticipated
in data management For example, some of the probes are subject to fouling over time, creating a degraded
signal quality that varies as a function of time in an unknown manner, thereby causing loss of calibration
The final objective of Tasks 1 and 2 can be simply stated as the determination of which measurements are
physically vahd

Downloading, re-formatting and transmission of the data were carried out with industry and
patience by the staff of CBI. As data was received by this project team, the files were subjected to
preliminary review, and any anomalies were drawn to the attention of CBI. The entire process took place
over a six-month period, and in several instances necessitated CBI staff completely re-constructing data files
from raw sensor output files For example, it was discovered that some of the data files for ULM3 proved
to contain data from ULM1 (except for January, April, July and Qctober for both 1995 and 1996, which
appear to be all right), apparently due to an errant file overwrite that occurred at some point early n the
processing stream. This duplication was in fact present in the data files analyzed 1n the ULM data report
(Brown, 1997), but this was overlooked in the review of that report.

449708/991034 32 lw



A catastrophic crash of the RAID (Redundant Array of Inexpensive Devices) data storage
network at CBI occurred in summer 1997, and ali of the 1996-97 files had to be re-built by CBI staff from
the original platform downloads, where this data survived Some files are evidently gone forever (This
event, which the RAID strategy 1s supposed to prevent, has motivated changes in the procedure for archiving
data at CBL.) Some piecemeal replacement files have been re-generated by CBI. These mnclude January -
June 1996 for ULMI1, and the missing months in 1995 and 1996 for ULM3. For ULMI, only January and
February 1997 are extant, the data from July - December 1996 bemg lost The data record for ULM2 1s
complete through February 1997. The data record for ULM3 1s piecemeal through February 1997.

The ULM3 replacement files posed an additional problem. Each month of data was given
as three separate files, containing, respectively, (1) three components of current velocity, (2) hydrographic
variables salinity, temperature, and turbidity, (3) chlorophyll-a (whose analysis was beyond the scope of this
project) Merger of these files was made difficult because the data were not given at consistent tumes across
the files (reason unknown) Some attempt was made to automate a merging procedure, but there were too
many irregularities m the file structures. At last, we had to bite the bullet, and modify each of the data files
manually using spreadsheet software

Once the data files passed the preliminary screening process, the next step was to work
through the entire data set month by month and platform by platform, carefully inspecting the data for
several characteristic anomalies, and in the process to construct an mventory of data measurements,
ncluding periods of suspicious data and record breaks. Thus, 1t was necessary to manually mspect all of
this data, and identify occurrences m the data streams of:

(1)  data gaps

(2} anomalous records, e g., short records (less than eight
variable fields), missing entries {two or more tabs 1 a row
without intervening characters), or nonnumeric entries

3 zero values (see discussion below)

(4)  discontinuities 1 the time entry

(5)  anomalous or "freak" values for the parameter bemg measured
(e.z., current speeds greater than 10 my/s, salinities greater
than 50, temperatures below 0, etc.)

(6)  physically unrealistic jumps 1 the sequence of measurements
for a parameter, e.g., an abrupt shuft in the salmity record of
several ppt

@) “flatlines", i.e. a sustamned dwelling of the measurement on
one value
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(8) anomalous time patterns, e.g., exponential decreases or
increases in value suggestive of fouling of the sensor, or
physically pecuhiar time variation in a parameter

To facilitate this inspection task (which is tedious, soporific and onerous), a special-purpose
program was developed, named INSPECT, that reads and displays a moving time history graph of two
parameters (chosen by the user) along with a vector display of the sumultaneous horizontal current. A
mockup of the screen display of INSPECT is shown m Figure 3-1 The user controls the display of the data,
which may be slowed, sped up, or stepped point by point. The plot axes may be re-scaled as the magnitudes
of the variables change.

This automated processing relieved some of the tedium of manually inspecting such huge data
files, but the task is still mind-numbing. As the program INSPECT marches through the data files, it
autormnatically checks for many of the anomalies listed above, namely (1}, (2), (3), (4) and (7). It displays
the detection of these anomalies in garish colors at various spots on the screen (as shown in Figure 3-1)
accompanied by the production of appropriate noises to alert the user, who might otherwise be staring
slackjawed at the screen, drooling on the keyboard. The other anomalies cannot be detected automatically,
but can be spotted 1n the display by an attentive user

32 IDENTIFICATION AND TREATMENT OF DATA ANOMALIES

Screening the data sets with the INSPECT software is, in effect, a preliminary interpretation
of the data, at least msofar as suggesting plausibility of apparently anomalous behavior of the data. The
sumultaneous display of current velocity serves the purpose of assisting the user m interpreting the behavior
of the two parameters displayed. The INSPECT program cannot, of course, identify physically unreasonable
behavior of the data that is the job of the user who fixedly watches the data display. Notes on possible data
anomalies are entered by the user from the keyboard into an output log file while the display program
INSPECT 1s operating. After each such output file was completed, it was opened with a spreadsheet
program, along with the corresponding data file, so that the two could be cross-compared To facilitate this
process, a hardcopy graphic display was produced, as described below Each anomaly logged in the output
fite was examuned and a deterrunation made of whether it was of significance or not, whether it was likely
to be real, and if not what corrective actions mught be necessary. CBI provided a log of time history of each
instrument/platform, mcluding maintenance checks, istrument adjustments, exchange of sensors, etc., that
greatly facilitated identification of plausible explanations for some of the anomalies. (This log has been
edited and provided as Appendix SR )
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Fig. 3-1 Display screen for program INSPECT (see text)
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As noted above, some datz anomahes are to be anticipated in an automated collection
program. We were surprised to discover a large number of such anomalies, including flatlines, zero dwells,
and freak pomts. This was true even for the Year-1 data sets (Data Set I), and apparently these aberrant
values wete included in the analysis of the earlier reports (Brown and Krause, 1997, Brown, 1997) We
also found occurrences of spurious data that evidently were introduced by the data handling, rather than
originating at the platform These include data out of chronological order, duplicated records, and irregular
tume steps.

Given ample time, the optimum approach to resolving these anomalies would be to explore the
origin of each and modify the mndividual data point appropriately Under the present time constraint, we can
only implement obvious corrections, and expunge large blocks of suspicious data One has to be attuned to
the principle of dimirushing returns Isolated anomalous data pomts, i.e. physically suspicious ("freak")
parameter magnitudes, whose values are not orders of magnitude out of the acceptable range mght be safely
retamed in the data set, because combined with thousands of valid points, these will have liftle impact on the
analysis of the data On the other hand, large blocks of anomalous data, such as flatlines, can have a
substantial corrupting effect on statistics (We note that, as matters turned out, large blocks of spurious data
were included in those data sets analyzed 1n the Year-1 reports These have been expunged m the present
work )

The philosophy followed in general was to treat the screened data files as archival, so that no
modifications were made to these files. Instead, each file was copied, and this copy served as a "corrected
file" A complex graphical display on 11x17 pages {C-s1ze) of the tume series of various parameters was
prepared showing companion meteorological data, anomalies logged by INSPECT, and mamtenance or other
actions taken with the platform according to the CBI logs Each such graph was limited to a few weeks in
order to resolve the time variation of the measurements (These graphical displays form a detaled—and
voluminous—record of the data sets before data scrubbing was instituted, and are provided as an archival
appendix, bound separately as Appendix B )

These graphics allowed the ready identificaton of data anomalies and an immediate
interpretation as to cause Each data file was worked through using the graphic as a guide Any anomalous
data points that could not be reasonably mterpreted were deleted m the "corrected” file. Freak data points were
the most obvious to treat. These are 1solated i the data stream and are very high or very low magnitudes
compared to the pattern 1n that parameter. Flatline behavior 1s sinilarly obvious, and any such data sequences
that we believed to be due to the instrument no longer responding to variation in the measured parameter were
deleied Note that flatline behavior can be manifested m salinity and temperature, at least for several hours,
under quiescent conditions, and may therefore be reasonably encountered in these data. On the other hand,
flatline current speeds of any substantial duration are unlikely.
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Zero values were another of the anomalies examined. These can result from the sensor
malfunctioning while the data-logging process continues. Of course, any of these hydrographic parameters,
even current speed, can be zero under the right conditions. Zero values of current, in particular, may be
reasonable depending upon how the tide and wind were behaving. (Note that we are referring to zero current
speed, not a zero in an individual component ) Individual zeroes that are embedded 1 a sequence of otherwise
substantial current speeds were generally deleted, unless these were clearly associated with reversal of current,
e g , turn of the tide, or a pattern of diminishing then increasing current. A long duration of zero current speed
(which 1s a special case of a flathne), in contrast, was compared to wind and water level data recorded at
nearby CBI TCOON stations (for which the downloads from the CBI web page were carried out) Any zero
values that could not be otherwise justified were expunged.

The three anomalies, quantum shifts m parameter values, drifts in value of a parameter, and
peculiar time variation in a parameter, are really different manifestations of the same anomaly, viz excursions
of parameter magnitude as a function of time that seem physically unlikely. (A gap in data can create what
appears to be a quantum shift in the parameter, so before taking any corrective action, the technician always
verified whether a timeship occurred at that point 1n the data stream ) There 1s a twofold problem in treating
these anomalies First 1s the problem of establishing whether the measured behavior 1s plausible and should
remain m the data set Second is the problem of how to correct a corrupted data point.

Some parameters like temperature or salinity do exhibit quantuim jumps in magnitude if parcels
of water with very different properties are carried past the pomnt of measurement. The best clue to whether
a quantum jump in the data may be real is the corresponding hydrographic data Is there a correlated variation
in temperature or turbidity? Are there high values or sudden shifts of current speed, or water level? Was there
a wind-shaft, such as a frontal passage? Thus 1t was necessary to examine the data records around the same
time of the other hydrographic variables as well as the downloaded TCOON data. It is also necessary to
examine whether such anomalous behavior 1s associated with 2 non-physical event, notably a maintenance visit
to the platform

A direct measurement at the platform can settle the question for temperature, saliity or
turbidity. Unfortunately, CBI does not include n situ measurements as a part of its platform mamntenance
protocols Durimg the first year, the Umversity of Texas Marimne Science Institute, as a part of its maintenance
of PAR measurement equipment, made occasional measurements of salinity and temperature measurements
at some of the ULM and LI.M stations. We were provided copies of these measurements by Dr Ken Dunton
of MSI. These measurements along with the corresponding values from the CBI platform are given in
Table 3-1 Most of the data compare very well. A few of the salinity measurements evidence large departures.
We have no means of deterruning which is mere likely to be correct, so we simply note that these differences
occasionally exist (It is of course possible that such paired measurements are correct, but the difference was
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TABLE 3-1

COMPARISON OF PAIRED MSI AND CBI DATA

Temperature (°C) Salnity (%)
Date
MSI | CBI Ms| | CBI
" Station; 1L.LM1
10/12/94 200 216
02/16/95 316 328
03/06/95 160 164 317 343
03727185 260 255 325 321
04/18/85 245 251 316 312
05/24/95 39.6 329
06/30/95 365 343
07/27195 290 303 377 358
08/08/95 300 304 373 368
09/19/95 300 308 384
10/26/95 255 262 337 329
12/13/95 170 169 258 247
01/23/96 18 0 190 301 314
09/23/96 362 336
01727197 195 166
02125197 3186 289
Station: ULM1
01/31/97 13.5 11.0 342 360
02/24/97 164 164 323 329
Station: ULM2
09/10/96 300 295 50.1 455
09/25/96 295 302 455 450
10/15/96 257 253 44.2 49.7
11/26/96 14 0 132 47 4 47 5
12/17/96 14 4 142 460 48 4
01/31/97 130 128 38.8 48.3
02/24/97 154 167 32.0 42,6
Station: ULM3
08/10/96 2856 296 341 45.6
09/25/96 302 413 44 4
10/15/96 253 254 427 46 9
01/31/97 125 125 446 477
02124/97 163 167 414 426

Note Bolded data indicate a greater than 10% difference between the MSI and CBI data
MSldata xis Compare 9/28/99 3 45 PM YCS
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mcurred due to timing of the measurement when salinity was changing abruptly, or depth differences in the
presence of transient stratification.)

For those variations of a parameter with tume that are determined to be spurious, the second
problem is how to implement a correction  For quantum shufts, the key question is the magnitude of the shift:
if it is not egregiously large, it may be possible to ignore the shift in the data analyses For pecular time
variation, e g., random wandering of the parameter over a range that 1s physically unlikely, there may be no
recourse but to delete the entire sequence If such behavior is bounded by maintenance visits at the platform,
then this can be considered a dead giveaway that the problem 1s instrumental, hence spurious One special type
of peculiar time variation is chippmg, in which the parameter varies normally up to a certain threshold value,
but exhibits frequent flatlines at that threshold, and never shows an excursion beyond the threshold A data
stream can be clipped above or below Once a clipping threshold 1s identified, then any occurrences of this
value m the data stream should be deleted A special case is when one of the current components 1s clipped
For example, inspection of some of the 1998 data from the LLM station revealed that some of the x-component
15 clipped for positive (eastward) values.

A quantum shift needs to be examined in the context of a longer series of data 1Is there a
companion shift in the opposite direction later? If not, the quantum shift may be evidence of a calibration drift,
addressed in the next paragraph Are the tumes of quantum shuft bounded by maintenance visits? If the
variation of the parameter seems realistic but the magnirudes are displaced upward or downward, then the
obvious correction 1s to shuft the displaced sequence by the appropriate amount If, however, the variation 1s
also suspicious, e.g , numerous flatlne periods or a different variance than exhibited n this parameter before
and after the period of the quantum shift, then 1t will be better to simply delete it

Drifts are the most complex anomalies to be corrected. A slow drift m a parameter, due
to graduat loss of calibration, 1s most likely to be marufested by an apparent quantum shift that corresponds
to a maintenance visit. Probably the only feasible correction 1s to apply a linear compensation starting at
the last known correct value, and extending to the tune at which the quantum shift occurred. Although we
were prepared to correct for these anomalies, fortunately we had none of these to deal with.

The sequence i which these anomahes were addressed began with the largest such
anomalies and worked toward the smallest This allowed disposal of the more sigmificant aberrancies
before being overtaken by the law of diminishing returns

We emerged from thus process with sets of data files, orgamized by platform and by month,

m which most of the above-listed anomalies, and all of those with sufficient magnrmde or frequency to
potentally corrupt the data analysis, have been deleted The "corrected" files still include data gaps in
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time. These irregularities in the time dimension do not affect the various descriptive statistics, such as
means, vector-means, variances, and current roses. On the other hand, irregularities in time interval
greatly affect the determination of specira, because 99% of the extant spectral models—and all of the
commercial software products—assume a data file uniformly sampled 1n tme. We followed the traditional
approach to treating missing data 1n spectral analysis of "zero-padding”, in which the missing data are
replaced by zero values, which 1s a default option for the spectral-analysis software employed in this
project (This is derived from the philosophy that such zero padding, though influencing the statistics of
the data, will not affect the frequency content. If the missing data happen to occur at a consistent
periodicity, there are methods for correcting the computed spectrum, see Bloomfield, 1976, and Priestley,
1981, and references therein, though this was not encountered in these data sets.) Therefore, in fact two
different sets of "corrected” data files were used, depending upon the specific analyses. For statistics and
vector roses, the "corrected” data files with data gaps were used. For spectral analyses, the "corrected”
zero-padded data files were used.

3.3 SUMMARY OF DATA SETS

To summarize, the data sets collected during the CBI Laguna Madre project, as originally
classified in the proposal and work plan, and their status are:

Data Set I — Data collected September 1994 through August 1995
and analyzed in the "Year 1" reports The origmal data sets
contained numerous anomalies, which have now been detected and
removed from the data. The ULMS3 data files proved to contain data
from ULM1 (except for January, April, and July, 1995). CBI was
able to reconstruct the missing months from the archived raw data
downloads

Data Set II — Data collected from September 1995 - fall 1996 by
the same CBI persomnel Again, numerous anomalies were
detected, mcluding flatlines, zero dwells, and freak poimnts, were
detected and have been corrected. An additional station was
installed in the Lower Laguna Madre i June 1996 m a seagrass
meadow east of the GIWW, designated LLM2a. While including
ADV current data, sahmity and temperature were not momtored at
this station. As with Data Set I, the ULM3 data files proved to
contain data from ULM1 (except for October 1995, and January,
April, July and October, 1996, which were okay)
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Data Set Il — Hydrographic data collected under interim
management at CBI, from approximately fall 1996 through summer
1997 A major hard disk crash occurred at CBI in July 1997, and
several of the Laguma Madre data files were lost. Despite valiant
efforts by the CBI staif, 1t proved impossible to recover data taken
after February 1997. Other data files were unrecoverable as well.
For ULMI1, only January and February 1997 are extant, the data
from July - December 1996 being lost. The data record for ULM3
is piecemeal through February 1997, although all months are
represented.

Data Set IV — Hydrographic data collected by the present CBI
personnel, from late fall 1997 through early 1998 In addition to
being taken by new personnel with new protocols, the equipment
was different from that used in the earher collections (see
Chapter 2) Data were provided by CBI as 30-minute means
(compared to the 6-minute means from the earher data) The raw
data from Data Set IV proved to be sigmficantly cleaner than the
data from Data Sets I-III. The predomumant problems in Data Set IV
involve tume slips and data gaps. Data Set IV also has very few
zero currents and flat Ines in comparison to Data Sets I-1IT

Table 3-2 15 an inventory of all of the data files presently on hand and their status  Data files
from the two TCOON stations, from which water level and wind data were obtained, are included as well
However, these data were not subjected to any Q/A procedures.
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TABLE 3-2
SUMMARY OF LAGUNA MADRE DATA FILES

! File Description Codes for Laguna Madre Stations
Arroyo S Bird
Year | Month LLM1 LLM2a LLM2N LLM3N ULM1 ULM2 ULM3 Colorado | Island
1904 | SEP | CWST6 X X X WILB0 | WiL60
OCT | CWSTH X X X WILB0 | WiLB0
NOV I CWST6 _WETH X X WiLeD ! WiLE0D
DEC | CWST6 _WSTE | _WST6! WSTE | WiL60 | WiLBD
1995 | JAN | CWS,T6 CWSTE| _WST6| _WST6 | WiLs0 | wi,L60
FEB CWSTS6 CWSTE| _WST6 ! CWST6E| WiL60 Wi L 60
MAR | CWSTB CWSTE | CWST6! CWST6| WILBD | WiLED
APR : CWSTS CWSTE| CWSTE: CWST6| WILED WiL G0
MAY | CWST6 CwsTe | CWSETE | CWST6E | WiLe0 | WiL60
JUN | CWST6 CWSTe | CWSTEI CWST6!| WILB0 | WiL60
JLY | CWSTE CWSTE| CWSTE | CWST6| WLSD | WILED
AUG | CWSTSH CWSTE!| CWSTE | CWST6| WiLB0 | WiLBD
SEP | CWST6 CWSTE | CWSTE | CWSTE| WiLB0 | WILED
OCT | CWSTS CWST6 | CWSTHE | CWST6| WIL60 | WiL6D
NOV | CWESTS6 CWS5T6 | CWSTE | CWSTS6| _L60 Wi L,60
DEC | _WST6 CWST6|{ CWST6 M WILB0 | WILEO
1986 | JAN ' CWSTSH CWSTE | CWSTH | CWST6| WIL6O | WiL6ED
FEB CWSTS CWSTe | CWSTE | CWST6| WiL80 | WiLsD
MAR i CWSTS6 CWSTE! CWSTE CWST6| WiLED | WiL60
APR | CWSTSH CWSTE| CWST6 | CWSTSE | WILSD | WiL60
MAY | CWSTSH CWSTE|{ CWSTE | CWST6E| WiILED | Wil,60
JUN | CWSTH CWSTE | CWSTE CWST6| WiILE0 | WiLG0
JIY TCWSTS8 M CWSTE| CWSTB | WilL60 Wi L 60
AUG | CWSTS6 M CWSTS6 M WiLeo | Wil,60
| SEP [CWSTs | CW,_,_30 M CWSTE | CWST6E | WiLeD | wWilLa0
| OCT [CWST6|CW__30 M CWS,T6 | CWSTE | WiLB0 | wiLaD
NOV | CWSTE |[CW__30 M CWSTE | CWSTE| WiL60 Wi,L,60
DEC | CWST6[CW, , 30 M CWSTE| CWST6E | WiL60 Wi L &0
1957 JAN CWST6 Cw__30 CWSETE| CWSTE| CWSTE| WL6ED Wi L 60
FEB CWSTG |[Cw__30 CWSTE | CWSTE| CWST6| WILG0 Wi,L,60
MAR
i Measurements Suspended for Re-installation of Equipment
oCcT
NOV | X X X X CPST30 X WilL60 | WiLs0
DEC ICPST30 CPST30|CPST30|CPST30|CPST30|CPST30| WiL80 Wi L 60
1988 | JAN CP,ST30 CPST30|CPST30|CPST30|CPST30| CPS T30 WILG0 | WiL60
FEB 'CPST30 CPST30 | CPST30|CPST30 X CPST30| WiL6E0 Wi L,60
MAR |CPST30 CPST30|CPST30|CPST3I0|CPST3I0|CPST30| WiL60 Wi L 60
APR CPS,T30 CPST30| CP,S5T,30 WiL60 | Wil 60
| MAY CPST30 WiLe0 | WiL60
Key to Data Descriptors
C  Xand Y Current Data _ Missing Data 6 6 Minute Time Step
W Vertical Current Component M Missing All Data 30 30 Minute Time Step
P  Pressure X No Bata Collected 60 60 Minute Time Step
§ Salmty Wi Wind Data
T Temperature L Water Level
tab3-1 xls Final Summary 9/28/99 9 28 AM KEM FPBS&J



4.0 THE HYDROGRAPHIC ENVIRONMENT

In the Laguna Madre, the hydrodynamic parameters wind, water level, and current are closely
related, and to a great extent the hydrographic environment can be characterized by their behavior. Wind
exerts a direct stress on the waters of the Laguna creating a current, whose integrated effect tn moving water
about results in altered water levels Water level 1s also influenced by the variation of water level in the Gulf
of Mexico communicated to the Laguna Madre through the inlets. This Gulf water-level varation, in turn,
may origmate from the astronomical tide 1 the Guif or from the action of wind (and, to a lesser extent,
atmospheric pressure gradients) on the sea surface. In addition, the hydrographic parameters of temperature
and salinity are important, because together they determine water density, which has a direct hydrodynamic
effect, and analynically because they identify water masses, and can allow nference of transport and mixing
processes Current velocity is the central hydrographic variable for this study, because 1t is the primary
mechamsm 1 the suspension, transport and settling of sediment. As noted in Chapter 2, it is also the major
parameter upon which the field measurements were focused For this reason, the current data from ths
study are considered separately in the following chapter. In this chapter, the behaviors of wind, water level,
and water characteristics of temperature and salinity, as mferred from the data records, are presented for
the 1994 to 1998 monitoring period

41 WIND

Wind 1s a forcing function It has both a direct and an indirect effect on currents, thence on
sediment transport. The direct effect of wind is local production of currents, through exertion of a stress
at the water surface. There 15 a spectrum of scales of current response to wind stress. At the smallest space-
time scales, the effect of wind stress is manifested in the production of short period capillary and gravity
waves With increasing wind speeds, these overtop and break, creating intense patchy turbulence distributed
through the water column and contributing to the vertical mixing of parameters, includmg suspended
sediment This turbulence also extends to the bottom m shallow systems like the Laguna Madre, directly
mobilizing sedmment particles from the bed. Numerous investigations in shallow-water systems sunilar to
Laguna Madre suggest that wind-generated waves are a dominant mechanism for resuspension of sediment
1 these environments (e.g., Ward, et al , 1984, Pejrup, 1986, Onuf, 1994, and Schoelthamer, 1995).

At larger space-time scales, wind stress forces a direct current resulting 1n movement of water
(and any materials in suspension or solution). Under a sustained wind, this stress-mduced movement
produces depletion and accumulation of water volume mamfested as changes 1n water level across the
Laguna, referred to as denivillation, or, more colloquially, "set up” and "set down". A sudden change n
wind in exther speed or direction (or both) results n a corresponding movement of water and variation in
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the water level. Frontal passages, in particular, produce rather sudden, and frequently dramatic water level
responses (see below)

Indirect effects on currents and water level in the Laguna Madre can be summarized as the
response of the Laguna to direct effects of wind on adjacent waterbodies. The larger the surface area of the
waterbody (more specifically, the larger the fetch) and the shallower the depths, the greater the response to
wind stress, and therefore the greater the potential for the resultant change in water level to affect the
Laguna, The filter through which this effect is passed 1s the inlet(s) connecting the Laguna and the adjacent
waterbody The Guif of Mexico is the most important such adjacent waterbody, but Corpus Christi Bay and
Baffin Bay can be mmportant in local regions of the Laguna Madre. Ward (1997) and references therein
discuss the mechamcs of a co-oscillating bay in communication with a larger waterbody through a narrow
mlet, and likens the response of the bay to a stilling well, in the way that longer period variations pass
through the mlet, but shorter period variations are filtered out.

To a first approximation, the wind regime m the Texas coastal zone can be characterized as
a sustamed onshore flow from the Gulf of Mexico modulated by the sea-land breeze circulation, and
interrupted by frontal passages. The seabreeze cycle 1s a solenoidal circulation produced by the diurnal
variation in density of the lower atmosphere resulting from the surface temperature differential of the land
and sea (Ward, 1997). It is ultumately caused by the difference in thermodynamics of sea water and land
surface, and 1s most pronounced along their boundary, i.e. the coastline. In the coastal zone itself, the
seabreeze 1s manifested as a diurnal variation in wind velocity superposed on the normal onshore flow from
the Gulf of Mexico. The famliar freshening of winds m the afternoon and the mncrease of short-crested
windwaves (chop) are well-known features of summer hydrography in these bays attending the seabreeze
Although a seabreeze circulation 1s capable of being developed at any time 1n the year when conditions are
favorable, the best conditions are under intense msolation in quiescent synoptic conditions when the onshore
flow 1s weak. Thus, the seabreeze is best developed in conditions typical of summer. There is an mertial
lag of the solenoidal circulation behind the daily change 1s sea-air temperature difference, and as the
solenoidal circulation develops, the rotation of the earth (the Corolis acceleration) produces a longshore
component that turns the seabreeze component clockwise (Ward, 1997).

Two TCOON wind stations were selected to characterize wind climatology m the Lower and
Upper Laguna Madre regions, respectively the Arroyo Colorado and South Bird Island anemometers. The
selection was based upon period of record available, sitnation of the anemometer station as central as
possible 1n the region, and minumal mnterfering structures (such as a barrier 1sland) Tabulated in tables 4-1
and 4-2 are the frequencies of occurrence, mean, and standard deviation of the wind speed at Arroyoe
Colorado and S Bird Island, respectively. In the statistics of tables 4-1 and 4-2, zero values are identified
as calms, and represent a separate category of wind speed. Some of the months exhibit an anomalously high
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FREQUENCY, MEAN AND STANDARD DEVIATION OF WIND SPEED AT ARROYQ COLORADO
Frequency of Occurrence (%) for Wind Speed (mv/s) E_?ﬁge

TABLE 4-1

t

Wind (m/s)

|

Month |~ oim | 0-<3 | 3-<6 | 6-<8 | 9-<12 | »=13 | *Data | #Missng o s
09/94 | 35 30.5 255 194 11 00 1 712 8 40 22
004 | 21 119 363 374 119 04 | 720 24 59 26
11/94 | 09 85 294 420 16.7 25 | 671 45 66 27
12/84 | 3.0 242 384 273 64 06 | 627 117 1 48 27
0195 | 29 206 32.9 359 155 21 611 133 | 56, 32
02/95| 20 169 37.7 299 112 23 | 652 201 561 29
03/95 18 114 313 348 165 41| 683 61| 65, 31
04/95 | 223 55 175 265 239 44| 841 79 . 591 41
05/95 | 01 33 182 419 305 61| 738 61 80| 26
06/95 | 04 119 275 409 188 04 | 706 4 65 28
07/95 | 04 128 265 386 189 27| 697 47| 66 2.9
0895 | 13 247 398 306 35 01 | 742 2, 48| 27
0995 | 18 211 456 262 29 13 | 714 61 48] 25
10/95 | 350 144 27 1 163 48 22| 722 22 | 341 35
11/95 | 999 00 00 00 01 00| 701 191 00 03
12/95 | 450 65 214 140 711 20 | 709 3 | 35 39
0196 | 28 1.9 430 217 128 77 | 653 90 | 62 35
02/9% | 05 52 316 325 260 21| 630 86 | 71 29
03/96 | 02 82 314 374 190 39 | 649 95| 69 2.9
04/9% | 20 86 200 331 273 90 | 664 5% | 76 33
05/9% | 00 04 | 38 378 560 20 | 744 0] 91 16
06196 | 07 42 232 515 202 03] 717 3] 71 22
07/9%6 | 10 56 223 467 240 04| 732 12| 72 25
08/96 | 04 62 344 415 163 11| 723 21| 65 25
09/96 | 48 93 371 369 103 16 | 660 51 | 58 27
10/96 |39 135 327 327 133 39 | 727 17| 60 32
117961 09 88 386 346 139 32 | 682 38| 64 27
12196 | 42 215 386 247 69 21| 734 10| 53 31
0157 | 33 123 347 274 160 63 | 700 24| 63 34
02/97 | 09 82 402 371 163 33 | 662 10| 63 28
03/97 | 23 T11] 309 374 150 33 | 738 6| 64 59
04/57 | 03 53 357 340 204 43| 583 137 | 69 28
05/97 | 08 70 26 4 258 192 07 | 738 6 67 25
06/97 720

07/97 744

08/97 744

09/97 | 42 184 376 370 29 00 | 663 57 | 51 24
10/97 401 134 | 356 329 108 32 | 744 0| 58 30
1187 | 07 93 | 443 306 123 28 | 709 11| 60 27
12097 | 74 160 398 244 108 17 | 538 | 206 | 52 3.0
01798 | 18 16 422 355 82 07 | 552 182 | 56 24
02/98 14 125 201 573 116 71| 663 91 62 32
03/98 | 17 56 | 270 327 247 83 | 712 2| 74 33
04/98 | 18 64 299 36.7 231 22 | 720 0 68 2.8
05/98 | 00 18 200 537 238 07 | 735 9] 75 20
06/98 | 04 03 93 392 479 29 | 689 21| 88 20
07/98 | 03 34 22.9 503 230 01 | 739 5| 73 2.2
08/98 | 12 104 360 409 112 03 | 741 3| 60 25
09/98 {00 00 250 458 292 00| 24 0] 75 19

Tab4-1 xls Sheet] 1/14/99 12 12 PM YCS
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FREQUENCY, MEAN AND STANDARD DEVIATION OF WIND SPEED AT S. BIRD ISLAND

TABLE 4-2

Frequency of Occurrence (%) for Wind Speed (m/s) Range | wind (mvs)
Month i # Data | # Missing
Cam | 0-<3 | 3-<6 | 6-<9 | 9-<12 | >=12 | | Mean !Std Dev
09/84 34 197 609 147 11 00 | 689 21" 42 18
10/94 23 147 477 296 57 01 707 37 52 23
11/94 08 7.7 418 37.0 114 13 622 g8 61 24
12/94 3.2 167 537 201 6.2 01 708 36 48 23
01/95 37 15.7 459 254 7.9 14 630 114 51 27
02/95 34 17.0 520 194 65 16 613 59 49 26
03/95 20 109 37.7 311 156 2.6 685 59 61 30
04/95 12 104 385 375 106 1.8 680 40 61| 26
05/95 04 52 341 446 14 4 12 744 0 66 . 23
06/95 08 145 385 393 67 01 712 8 55 2.3
07/95 26 16 8 460 264 75 07 743 1 51 26
08/95 37 275 512 164 11 01 737 7 40 21
09/95 49 26.3 56 6 116 07 07 671 49 38 21
10/95 28 219 403 237 92 20 704 40 51 29
11/95 48 237 381 228 8.7 19 670 50 50 30
12/95 37 180 435 245 87 16 699 45 51 2.8
01/96 43 17 1 386 222 132 46 720 24 56 33
02/96 14 123 412 324 103 25 651 45 58 27
03/96 46 134 368 328 89 35 722 22 58 30
04/96 ! 32 131 323 363 116 34 708 12 60 31
05/96, 0O 18 14 0 694 14 8 oo 677 67 73 17
06/96 06 71 392 467 64 01 720 1] 60 21
07/96 14 89 375 451 7.2 0.0 741 3 59 2.2
08/96 09 91 50.8 335 56 01 693 51 55 21
09/96 1 41 195 475 213 63 13 686 34 48 28
10/96 | 42 192 | 394 232 85 55 715 29 53 32
11/96 © 29 83 357 367 147 17 712 8 62 28
12/96 1 136 188 366 207 81 23 707 37 45 32
01/97 | 101 i52 326 233 127 61 656 88 56 37
02/97 37 14 3 367 309 130 14 622 50 57 2,9
03/97, 57 171 379 286 73 35 742 2 53 31
04/97 ¢+ 07 75 383 326 198 11 708 12 64 26
05/97 | 14 85 43 5 396 64 07 738 6 58 22
06/97| 08 83 494 357 55 1 708 12 56 21
07197 14 6.1 56 4 343 1.9 00 738 6 54 18
08/97 34 60 441 383 82 0o 619 125 57 23
09/97 ' 63 | 195 532 201 09 6o 632 88 4.2 21
10/97 . 53 | 164 | 415 280 73 15 715 29 51 28
11/97 72 153 391 277 8.9 17 704 16 52 30
12/97 | 121 199 322 237 107 14 738 6 48 33
01/98 39 164 486 248 60 03 714 30 49 24
02/98 32 169 392 283 106 18 661 11 55 30
03/98 23 g2 287 441 135 22 728 16 64 28
04/98 17 g2 403 339 13.7 13 717 3 60 26
05/98 00 29 42 4 491 586 00 729 15 62 1.8
06/98 01 21 199 572 195 1.1 699 21 74 20
07/98 03 44 392 480 82 00 735 9 62 1.9
08/98 1+ 19 99 50 8 320 52 02 618 5 53 22
Tab4-2 xls Sheet] 1/14/99 12 12 PM YCS PBS&J
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proportion of zero values. These data are as reported in the TCOON files It 1s our feeling that for some
of these months, the zeroes are, in fact, nussing values. Certamly months 10/95-12/95 at the Arroyo
Colorado must be largely missing values, as calms between 50% and 100% of the data are unrealistic
Although CBI employs a separate character as an identifier of missing data, this character was not entered
m these records Omnce we embark on the strategy of deleting zero values, we encounter the dilemma of
differentiating real zeros elsewhere n the record, and become forced to make a data-pomt by data-point
review. Rather than descend into this processing mghtmare, we mstead simply 1dentify and qualify such zero
values of wind. (Zeroes of current speed are a different matter, however, and are treated more carefully
in the data scrubbing, see Chapter 3.)

As a rule, the late summer-early fall period evidences the lowest maximum speeds, with the
wind predonunantly out of the southeast quadrant. Because of the reduced frequency of high winds, and the
nunimal fetch associated with the easterly wind direction, there is generally reduced wave energy. During
September, 1994, for example, the wind speed was predominantly less than 6 m/sec (13 mph) (80% of the
time), with wind speeds rarely exceeding 9 m/sec (20 mph) (< 1%}, and the monthly mean wind speed was
4 m/sec (9 mph)

Monthly wind roses were generated using data collected for the period from September 1,
1994, to June 30, 1998, at these two TCOON stations. Figures 4-1 and 4-2 show example monthly wind
roses for each month in 1996, for the Lower Laguna (Arroye Colorado) and Upper Laguna (S Bird Island),
respectively The entire suite of monthly wind roses are provided in Appendix WR. Note that the wind
directions associated with these wind roses are reversed from thewr usual convention, that 1s, they are defined
here as the direction to which the wind 1s blowing (“blowing toward”) instead of the direction from which
the wind blows (“blowmg from.”), to be more consistent with the vector character of the wind velocity.
For these displays, the wind directions were sorted into 45° bins centered on the prumary compass
directions Missing data undermunes the representativeness of a few of these years, from which individual
months had to be excluded because of missing measurements. The most complete years of data for both
anemometers together were 1995 and 1996

The prevailing SE wind 1s readily apparent at both stations. Typically, 50 cold fronts traverse
the Laguna Madre region each year (Morgan ef al., 1975) The first front of the winter season generally
traverses South Texas in late September or October Frontal passages continue through the region,
increasing in frequency during the winter months, and occurring i the spring typically through March or
April. The wind usually increases m speed from the Gulf of Mexico with the approach of the front, then
abruptly shifts to the northern quadrant with the frontal passage For example, n the 1994-1995 winter
season, the first front passed through the study area on October 8, 1994, with accompanying average wind
speeds reaching 13 m/sec (29 mph) High north wind speeds prevail for a variable period from a day to over
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a week, generally dechming in speed over time and veermng in direction These short-duration, strong wind
events figure mportantly in the mechanism for sediment resuspension and transport

The winter northerlies are more frequent at the northern S. Bird Island station than at the
southern Arroyo Colorado station While the frequency of north winds is around 10% at the former, the
prommence of the occurrence of speeds greater than 12 m/s should be noted The monthly wind roses of
figures 4-1 and 4-2 display the shift from predominantly southeasterly wind regimes to alternating
southeasterly and northerly—1 e a limodal rose—tracking the passage of seasons from summer to winter.
The prevalence of high wind speeds from the SE in May should be especially noted. This is a result of late-
spring frontal passages which enhance the normal onshore southeasterly winds, but have weak and variable
north winds so contribute little to the wind rose.

General prevailing wind conditions are presented by the anmual wind roses for separate years
m the study period. These are shown m figures 4-3 and 44, for the Lower Laguna (Arroyo Colorado) and
Upper Laguna (South Bird Island), respectively. A close inspection of tables 4-1 and 4-2 also discloses that
there is considerable year-to-year vanation, as well as substantial differences between the wind statistics m
the upper and lower segments of the Laguna, also exemplhfied graphically by figures 4-3 and 44 (Note
that the records are mcomplete for some years, so the resulting wind rose has to be appropriately
interpreted )

42 WATER LEVEL

Water level (a.k.a. “ide™ level) is the hydrodynamic variable that 1s simplest to measure, so the data base
on the Texas coast for water level 1s comparatively rich. The TCOON system, in particular, is a valuable
archive of digital water-level data, but agencies such as the USACE, National Ocean Service, U.S.
Geological Survey, Texas Water Development Board, and National Weather Service have monitored water
levels at permanent tide stations on the Texas coast for many years (the USACE, 1 particular, having done
so since the mid-Nineteenth Century).

Water-level, as a hydrodynarnie variable, 1s both a responder and a forcer Tt responds to the
movement of water due to wind stress and due to exchanges between the Laguna and adjacent waterbodies.
But spatial gradients in water level entail pressure gradients that acceleraie the water thereby producing
currents Variation in water level 15 a direct index, therefore, to currents that mobilize and transport
sediment As noted above, there 1s a spectrum of time-space scales of vanation of water level Figures 4-5
and 4-6 display the water-level time series at both TCOON stations, the Arroyo Colorado and South Bird
Island, for the entire study peried, along with low-pass 3-day shiding means At this level of compression
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FIGURE 4-1

MONTHLY WIND ROSE AT TCOON STATION - ARROYO COLORADO
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FIGURE 4-1 (Continued)

MONTHLY WIND ROSE AT TCOON STATION - ARROYO COLORADO
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FIGURE 4-2

MONTHLY WIND ROSE AT TCOON STATION - S. BIRD ISLAND
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FIGURE 4-2 (Continued)
MONTHLY WIND ROSE AT TCOON STATION - S. BIRD ISLAND
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FIGURE 4-3

ANNUAL WIND ROSE AT TCOON STATION - ARROYO COLORADO
(WIND DIRECTIONS ARE "BLOWING TOWARD")
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FIGURE 4-4

ANNUAL WIND ROSE AT TCOON STATION - S. BIRD ISLAND
(WIND DIRECTIONS ARE "BLOWING TOWARD")
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of the tume axis, only the peak excursions in water level are discernible in the plot, but the presence of long-
period variation is clear, The coherency of these two records at these two stations for longer period
variations (weeks to months) should be especially noted

At the largest scale, beyond even the record shown i figures 4-5 and 4-6, there is a long-
period historical increase m water level along the Texas coast and in the Laguna Madre. This 1s the coastal
response to a combination of global change 1 water level on the earth (eustatic change), local changes
water level, and rising or falling (subsidence) of land. Lyles, er af. (1988) determined that , the mean water
("sea™) level at the NOS ude gauge at Port Isabel averaged over 1945-1970 is 1.29 m (4 24 ft), and averaged
over 1971-1986 1s 1.38 m (4.52 ft), mdicated the magmtude of the recent net increase in water level
Militello and Kraus {1994) estimated that over a 50-year period (1945-1994), the water level in the lower
Laguna Madre would have risen 15.5 cm (0 5 ft), and suggest that this long-term change in depth would
have mplications for Iight attennation and seagrass distribution.

In the Laguna Madre, one of the domimant variations m water level 1s the sem-annual secular
rise and fall of sea level (Smith 1978, Ward, 1997) While this 1s evident m figures 4-5 and 4-6, it is
exposed even more in a time-series of the low-pass filtered (with a cutoif period of 60 days) hourly water
levels at the respective stations, figures 4-7 and 4-8 These figures reveal a semi-annual nise and fall of sea
level of approximately 0.3 m (1 £t} within considerable interannual variation, with maximum water elevations
occurring in spring (April-May) and Fall (Cctober}, and minimum levels occurring 1n late winter (January
or February) and mud-summer (July). Various theories have been proposed to account for this variation,
mcluding seasonmal heating of the water column, chmatology of onshore versus offshore winds, and
mteraction with circulation vortices in the Gulf of Mexico, but there 1s no satisfactory physical explanation
yet proposed 'What 1s important 1s that thus very low frequency signal propagates through the mlets into the
Laguna practically without attenuation and is the mam contributor to the net annual excursion n water level
The degree of interannual variation m the long-term water level variation is displayed by the 180-day sliding
average m these figures. It will be recalled that the October 1996 fall hmgh-water recerved considerable
media attention because of water inundating part of the JFK Causeway {(an event blamed widely, and
incorrectly according to Ward, 1997, on a minor tropical storm that happened to be at large i the Gulf of
Mexico at this time.)

For shorter-pertod (higher frequency) signals than the seasonal serm-annual component, there
1s a degree of filtering upon passage of the signal from the Gulf of Mexico through the mlets. Important
(astronomical) tidal components mclude the fortnightly (~ 14 days) associated with the cycle of lunar
declation, the dmurnal (24 8 hrs) driven by the lunar day, and the semi-diurnal (12.4 hrs) of the lunar half-
day. The higher the frequency, 1 e shorter the period, the greater the degree of filtering experienced by
the signal on passing from the Gulf of Mexico into the Laguna. Moreover, the effect of frictional dissipation
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1s to further dmmnish the lugher frequency components of the tide. For this reason, the 14-day component
recerves relatively little attenuation, but the dmurnal component 1s substantially reduced, and the semi-diurnal
is nearly eliminated. Because the usual 12.4 and 24.8-hr tidal signals are so attenuated within the Laguna,
the Laguna Madre is classified as micro-tidal, with the mean tidal range varying from approximately 0 3 m
(1 ft) in the vicinity of connections with the Gulf of Mexico to a few centimeters in the mterior portions of
the Laguna.

The Year-1 fixed measurement platforms in the Lower Laguna (LLM1, LL.M2, L1 M3) were
located approximately 16 km (10 miles) north of Brazos Santiago Pass and approxmmately 35 km (22 mules)
south of Mansfield Pass. The tidal signal propagates through Brazos Santiago Pass with relatively litle
attenuation The mean diurnal tidal range 15 43 cm (1 4 ft) outside the jetties at Brazos Santiago Pass and
40 ¢m (1 3 ft) inside the pass at Port Isabel (NOAA, 1983). However, as the tidal signal propagates
approximately 27 km (17 nules) northward into the Laguna Madre, it 1s attenuated to a mean range of
approxunately 10 cm (0.3 ft) at Arroyo Colorado In contrast to Brazos Santiago, the tidal signal propagating
through Mansfield Pass is substantially attenuated by the small inlet and long, narrow channel and as a result
hittle tidal signal reaches the Laguna Madre. In the Laguna Madre at Port Mansfield the mean range 1s
approximately 7 cm (0 2 ft}. Brown and Kraus (1997) atiribute the aftenuation of the serm-drurnal signal
from Port Isabel mto the Lower Laguna as the resutt of frictional effects associated with the shallow water.
This is certainly a factor Another 1s the dynamcs of the co-oscillation of the shallow Laguna with the Gulf
of Mexico. The deep Brownsville Ship Channel throngh Brazos Santiago allows propagation of the ocean
tide to Port Isabel. The inlet filtering effect 1s really exerted across a section roughly coinciding with the
old causeway to South Padre.

Meteorological systems impose additional variation mn water level, primarily through the
effects of wind stress, which in some cases exhibit significant periodicity. Seabreeze circulations contribuie
a 24-hir component (in addition to the tidal component induced by the sun), and frontal passages, especially
during the winter, can mtroduce energy m the 3-7 day components, depending upon the season Exchange
between the embayments, the nearshore, and adjacent coastal shelf driven by meteorological forcing 1s a
domunant mechanism for these low frequency varations (Smth, 1978, Ward, 1997) In addition, local
meteorological forcing results in local set-up and set-down of the water. The magnitude of the seasonal and
low-frequency variations 1n water elevation in the study area is shown by figures 4-5 and 4-6

Ward (1997} distinguishes between two types of cold fronts, equinoctial and polar-outbreak,
which differ primarily mn the energy of the controlling synoptic system, therefore the extent to which the
contmental air behund the front overruns the Gulf of Mexico Equinoctial fronts effect a pronounced wind
shuft, but do not substantally affect water levels in the adjacent Gulf of Mexico, so their nfluence 1s largely
the direct wind stress response of the Laguna Polar outbreak fronts, primarily a phenomenon of winter,

4497081991034 4-18 m



entail major incursions of polar air across the coastal plain and over the Gulf of Mexico, and result in the
major set-up and set-down responses characteristic of intense "northers.” From an analysis of frontal
responses of Corpus Christ1 Bay, Ward (1997) drew the following conclusions concerning frontal passage
response

] For a given front, the magnitude of water volume exchanged
between a component bay and the adjacent system (ultimately
the Gulf of Mexico) is generally greater than the internal
cross-bay transport of water,

L The cross-bay transports are about the same magnitude for
both equinoctial and polar-outbreak fronts, however, the influx
volume is much greater for the polar-outbreak fronts;

° The frontal response of the Gulf of Mexico 18 the single most
mmportant factor determining the response of the bay,

L] The frontal mnflux 1s on the same order as the great declination
tidal prism, and for the outer bays 1s generally larger than the
great-declination tidal prism;

. The time-scale of response to a frontal windshuft for the mflux
is on the order of a day' the larger responses—to polar-
outbreak fronts—take place over a longer time frame, perhaps
2-4 days.

43 FREQUENCY DOMAIN ANALYSIS OF WIND AND WATER LEVEL

To identify the pericdic components of variations in wind, as well as water level and current
(to be presented below), spectral analyses were performed for subsets of the complete time series Wind
1§ a vector quantity, but the spectrum is a scalar concept (a facile avoidance of the concept of directional
spectrum, a topic which 1s beyond the scope of this study) Spectra were computed for three scalars that
characterize the wimd velocity the two components (E-W and N-5), and the magmtude of the vector wind
(1e , the wind speed) Wind velocity time series data were grouped by study year and the spectra for each
year are presented in Figure 4-9 for the Arroyo Colorado anemometer and Figure 4-10 for South Bird Island
anemometer. The most obvious feature of these spectra 1s the prominent spike at exactly 1(cpd), i.e period
24 hours This is the signal from the seabreeze
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FIGURE 4-9
ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-9 (Continued)

ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-10

ANNUAL WIND SPEED SPECTRA AT TCOON STATION
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FIGURE 4-10 (Continued)
ANNUAL WIND SPEED SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND

30

1997
295 -

20 -

15 -

Energy (m?*/s?)

30
1998
25 -
20 -
15 S

10 -

Energy (m?%/s?)

T e ar -

05 .

‘.'L|

e

00 ¥ o 4 . I e PR i et “ .
T T t e e e L L B e pe

00 05 10 15 20 25 30 35 40
Frequency (CPD)

Wind Speed - - - - - N-S Wind Speed

E-W Wind Speed

Fig4-16 xIs Annual 9/30/99 7 59 PM KEM PBS&J

4-23



The annual spectra are useful as a general summary, but do not illuminate the seasonal
variation in the spectrum. To display this, the time series were grouped month-by-month and the
corresponding spectra computed. The complete set of monthly specira are presented in Appendix WF. For
present purposes, we display a representative selection For this purpose, we chose 1996, because in this
year fairly complete data sets existed for all of the hydrographic variables in both the Upper and Lower
Laguna, thereby facihtating both month-to-month continuity and intercomparisons. The monthly spectra for
the two anemometers are shown i figures 4-11 through 4-18 We note the following-

1 The seabreeze spike 1s present, but minumnal, during the winter months, increasing in
energy to maximal values m the period June - September

2 The greatest seabreeze energy is in the E-W component, i e. the component transverse
to the coastline.

3 Several lower frequency signals appear i the fall through spring period, being
maximal in wmter The periodicities of around 3 and 6 days are particularly
prominent These are the resnlt of frontal passages during the winter and equmoctial
seasons

4. Most of the energy of the frontal-passage periedicities 1s m the N-S component

Water level is subject to forcng by both wind and tides, directly and indirectly, so we
anticipate the spectrum to be complex Figures 4-19 and 4-20 display the annual spectra for 1994-1998
(That 1s, the spectra computed from the time series grouped by year, some of which, e g , 1998, are
mcomplete ) In all of these anmual spectra, there are promnent peaks at frequencies of periods of 12, 12.4,
24 and 25 5 hrs (2, 1 94, 1, and 0.94 cpd, respectively). These are power spectra  Some of the analyses
presented by Brown and Kraus (1997) are amplitude spectra The differences between the two are discussed
m Chapter 5.

Examples of monthly spectra of water levels are presented in figures 4-21 through 4-24 for
the Lower Laguna (Arroyo Colorado) and in figures 4-25 through 4-28 for the Upper Laguna (South Bird
Island). There are fewer data points tn a month so the resolution of the spectra is coarser than the annual
spectra, but the variation with season and climatology is evident. In these graphs, the same spectra are
plotted at two different scales, to better display the smaller components of their structure. The right-hand
axis 1s the expanded scale and applies to the broken curve There is a seasonal mcrease of the 24-hr
component into the summer and early fall, which 1s very prominent in the Lower Laguna. Also, at these
resolutions there 15 practically no discermble power m the semudiurnal components
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FIGURE 4-11

MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-12
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-13
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-14
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-15
MONTHLY WIND SPEED SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
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MONTHLY WIND SPEED SPECTRA AT TCOON STATION

FIGURE 4-16

SOUTH BIRD ISLAND
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FIGURE 4-17

MONTHLY WIND SPEED SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
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FIGURE 4-18
MONTHLY WIND SPEED SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-19
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-19 (Continued)
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION

ARROYO COLORADO
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FIGURE 4-20
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-20 (Continued)
ANNUAL WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-21
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
ARROYO COLORADO
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FIGURE 4-22
MONTHLY WATER LEVEL SPECTRA AT TCOCN STATION

ARROYO COLORADO
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MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

FIGURE 4-23

ARROYO COLORADO
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FIGURE 4-24

MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

ARROYO COLORADO
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FIGURE 4-25
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-26
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-27
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION
SOUTH BIRD ISLAND
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FIGURE 4-28
MONTHLY WATER LEVEL SPECTRA AT TCOON STATION

SOUTH BIRD ISLAND
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Coherency is a measure of the correlation (in the statistical sense) for frequencies i the power
spectra  Figure 4-29 shows the coherency (squared) for water level signals m the Lower Laguna (Arroyo
Colorado) and Upper Laguna (Bird Island) regions. The peaks at 1 cpd (24 hr period) evidence sea-breeze
forcing 1n both regions. The fortmghtly signal is not accurately resolved with such a short (1-month) period,
but is evident in the high coherency around 0 06 - 0.09 cpd. The source for the coherency around 0 22-
0 25 cpd (44 5 day periods) is unclear, but is probably frontal passage forcing, being larger and broader
in the January data than in the June data.

The obvious conclusion is that wmd forcing 1s responsible for the 24-hr spike 1 spectral
power mn water level, This is reinforced by the coherency between wind and water level, examples for
summer 1996 at both gauges shown in figures 4-30 and 4-31. Coherency of water level with each of three
measures of wind is shown, viz the vector resultant wind, the east-west component and the north-south
component There is a prominent wide-band peak in coherency, very nearly 100%, at 1 0 cpd (24-hr
periodicity) This is manifested i both the resultant wind speed and the east-west component, which is very
nearly transverse to the coastline.

44 TEMPERATURE AND SALINITY

Two additional parameters obtained at some of the CBI stations were temperature and
conductivity, from which salinity 1s determined These two parameters are of secondary interest in so far
as the objectives of this project are concerned but do have two uses First, together these determine water
density, which n turn can be an important hydrodynamic variable, especially if either horizontal or vertical
gradients n density occur. Second, and more importantly, both temperature and salinity are, on short time
scales, essentially conservative parameters, so when gradients exist, these can serve as water mass tracers.
Thewr vertical homogeneity is an index to the intensity of vertical mixing, and time changes in their values
indicate the transport of water masses at the platform location. Of course, when there is little or no gradient,
in the horizontal or vertical, as 1s frequently the case 1n the Laguna, this utility 15 munimmzed,

Tables 4-9 and 4-10 present a summary of monthly descriptive statistics of temperature in the
two Laguna Madre segments, and tables 4-11 and 4-12 present the corresponding statistics for sality.
There 1s little unexpected 1 the temperature statstics an annual rise and fall in temperature of about 15°C,
maxima on the order of 31°C, mimma around 15°C, and a standard deviation that 15 maxmmal in the winter
months and mmimal during the summer Almost ali of the average monthly salinities i the Lower Laguna
exceed 30%oc but rarely exceed 36%o until the first three months of 1998. The uniformly low standard
deviations testify to the stability in the salimty structure during the study period. Salimties in the Upper
Laguna are somewhat higher, with monthiy average values easily exceeding 40 %o, especially during summer
1996 The high rainfall and runoff in fall 1998 sigmficantly lowered the salinities, but to a Ievel mn the mud-
20s, hardly a low salinity by estuarine standards.
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FIGURE 4-29
SQUARED COHERENCY BETWEEN SOUTH BIRD ISLAND AND ARROYO COLORADO
WATER LEVELS
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FIGURE 4-30

SQUARED COHERENCY BETWEEN WIND SPEED AND WATER LEVEL

AT ARROYO COLORADO
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SQUARED COHERENCY BETWEEN WIND SPEED AND WATER LEVEL

FIGURE 4-31

AT SOUTH BIRD ISLAND
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TABLE 4.9
STATISTICS OF TEMPERATURE DATA - LOWER LAGUNA MADRE

Station LLM1 Station LLM2a/2N Station LLM3
Time Monthly Average {°C) of Daily Monthky Monthly Average (*C}) of Daily Monthly Menthly Average (°C) of Daily | Monthly
Min T Mean | Max [St Dev| Mean [St Dev| Mmn | Mean | Max [St Dev| Mean |St Dev| Min | Mean | Max |St Dev| Mean St Dev
Sep-94| 274 281 230 05 278 14
Oct-84) 238 255 26 4 05 254 24
Nov-84| 225 240 249 05 243 14
Dec-94 178 194 202 04 201 32 '
Jan-95| 154 16 2 172 05 164 27
Feb-95| 179 191 202 06 192 21
Mar-95| 134 199 209 06 199 38
Apr-85 217 230 240 05 229 23
May-95| 259 275 284 05 275 12
Jun-85| 259 287 298 06 287 12
Jul-95 284 301 311 05 302 08
Aug-95| 285| 303 313 05 303 11
Sep-95 271 290 301 06 294 21
Oct-95| 233 251 261 05 249 18
Nov-95| 190 211 220 05 213 25
Dec95( 155 73 184 06 17 4 49
Jan-96| 147 157 169 07 155 31
Feb-98 153 168 181 07 168 54
Mar-96| 159 173 189 08 17 4 34
Apr-96| 208 223 235 07 223 27
May-96 256 271 280 05 271 19
Jun-96 275 294 305 06 294 09
Jul-98 283 302 312 086 302 07
Aug-96| 277 294 304 05 204 08
Sep-96 272 288 298 05 288 19
Qct-86 240 254 253 05 254 17
Nov-96 202 218 225 04 218 27
Dec-96] 157 170 182 06 170 43
Jan-97] 131 141 153 07 148 50
Feb-97| 160 172 18 2 05 172 22
Mar-97
Apr-97
May-97
Jun-97
Jul-97
Aug-97
Sep-97
Qct-97
Nov-97
Dec-97| 181 186 193 04 187 19 174 183 194 07 180 26 149 158 173 08 156 38
Jan-98 182 190 198 05 188 12 184 193 205 07 191 14 172 181 193 06 18 1 14
Feb-98 179 194 205 06 194 15 195 201 214 06 201 06 173 189 202 06 188 17
Mar-98 162 187 158 06 185 23 188 211 26 08 211 26 132 186 199 06 188 09
Apr-88 1986 226 237 08 227 10
May-98
Tab4-9-10xis Temp 9/30/99 9 26 PM YCS PBS&J
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TABLE 4-10
STATISTICS OF TEMPERATURE DATA - UPPER LAGUNA MADRE

Station ULM1 Station ULM2 Station ULM3

Time Maonthly Average (°C) of Daily Monthly Monthly Avarage (°C) of Daily Monthly Monthly Average {°C) of Dally | Monthly

Min | Mean | Max [St Dev| Mean [St Dev Min | Mean | Max [St Dev| Mean [St Dev Min | Mean | Max [St Dev | Mean |St Dev
Sep-94 !
Oct-94 i
Nov-94 210 218 228 05 218 09 1
Dec-94 146 153 162 04 152 12 14 1 152 162 05 151 10 156 162 168 03 160 12
Jan-85 134 143 158 06 143 22 137 146 159 06 144 28 146 153 162 04 153 29
Feb-95 154 170 187 07 170 18 159 174 191 08 174 20 16 4 176 187 05 176 18
Mar-95 172 187 202 o] 191 31 167 86 202 08 183 a5 170 174 187 156 121 82
Apr-85| 208 222] 233 06| 222 21| 213 230| 244 07] 230 19] 206| 225] 233 04] 222 28
May-95| 247 253 275 06 263 13 253 269 280 06 268 13 255 270 279 04 271 11
Jun-85 265 285 297 06 284 11 267 288 302 07 288 13 271 288 298 05 288 10
Jub95 279 301 320 08 301 09 280 303 7 08 303 10 282 300 310 05 300 07
Aug-95 284 304 315 05 303 10 285 304 316 06 304 11 289 3056 314 04 3085 09
Sep-95 272 291 305 07 291 25 269 251 307 [+]:] 293 27 275 282 302 05 290 26
Oct-95 224 252 262 [of:] 252 17 225 246 258 06 246 22 230 247 256 04 248 20
Nov-95 183 195 211 08 182 20 176 185 206 06 195 16 184 202 212 05 201 29
Dec-95 135 152 163 06 150 49 152 167 181 07 169 45
Jan-96 121 134 155 09 134 23 129 140 158 08 138 33 136 14 4 187 06 144 30
Feb-96 147 163 180 07 166 33 142 166 172 Q7 155 53 150 164 176 06 160 46
Mar-96 148 16 1 175 07 161 24 150 164 182 08 165 32 158 171 186 07 171 30
Apr-96 196 210 221 06 208 25 201 217 232 08 218 28 208 222 233 05 222 26
May-96 246 252 271 05 261 24 254 269 280 06 269 20 87 272 278 03 272 16
Jup-96 265 289 300 06 289 09 274 204 307 07 294 10 276 293 301 04 293 08
Julk96 274 303 317 07 302 08 243 207 318 20 298 35 249 256 311 1§ 296 32
Aug-96 270 294 306 07 294 12
Sep-96 269 289 303 07 2898 21 277 282 303 04 202 14
Oct-896 233 248 259 +]] 248 186 238 249 258 04 249 16
Nov-96 151 210 223 Q7 210 35 215 220 227 04 221 18
Dec-96 14 4 167 173 06 156 39
Jan-97 105 M7 132 08 117 40 104 117 132 08 122 49 121 132 143 05 134 47
Feb-97 131 143 154 05 143 16 14 4 167 170 06 158 20 144 157 170 06 158 20
Mar-97
Apr-67
May-97
Jun-87
Juk97
Aug-57
Sep-97
Oct-97
Nov-87 150 156 166 04 156 31
Dec-97 135 162 14 1 30 154 18 1 189 05 180 11 163 176 169 20
Jan-98 16 1 175 16 8 10 172 184 196 08 179 33 172 187 178 13
Feb-98 14 4 177 166 10 17 4 196 188 16
Mar-98 146 178 166 22 175 1891 204 06 192 31 164 204 152 15
Apr-g8] 217 235 224 11 185] 278| 239 06] 228 08
May-93 200 256 243 10

Tabd-9-10xls Temp 9/36/99 9 26 PAL YCS PBS&S
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TABLE 4-11
STATISTICS OF SALINITY DATA - LOWER LAGUNA MADRE

Station LLM1 Station LLMZ2a/i2N Station LLM3

Time Monthly Average (%) of Daily Monthly Monthly Average (%) of Daily ] Monthly Monthly Average (%) of Daily [ Monthly

Min | Mean | Max [St Dev| Mean [St Dev| Mn | Mean | Max [St Dev | Mean [St Dev| Min | Msan | Max |5t Dev| Mean |St Dev
Sep-94 354 375 384 06 3756 06 1

Oct-84| 323| 348] 357 05| 348 05 |

Nov-84( 320 338 343 03 338 03 I

Dec-94| 323 347 352 03 347 D3

Jan95| 297 309 318 05 309 12

Feb-95| 300 323 332 05 324 11

Mar-95| 300 321 328 041 320 13

Apr-93| 308 328 331 031 326 08

May-95{ 310 328 334 04 328 12

Jun95| 327 347 353 04 347 LE) i
Jukgs 338 355 3640 03| 356 08 |

Aug-95| 358 362 366 02 362 05

Sep-95| 321 387 362 04 3586 06

Oct-85 3189 343 352 05 342 19

Nov-g5| 224 256 268 k] 252 37

Dec-95| 217 241 256 098] 241 18

Jan98| 263 274 285 08 273 29
Feb-96| 282 2889 307 04 299 10

Mar-86| 327 345 353 04 345 13

Apr-96 332 352 358 04 352 10

May-96)| 337 353 357 02 353 06

Jun-96 | 341 31 371 08 361 22

Jul-86 353 378 386 06 375 15
Aug-96| 341 362 370 05 62 14

Sep-96| 332 351 3586 03 351 12

Ocl-96 265 289 299 05 288 32
Nov-96| 298 319 327 G5 3t 8 25
Dec-96| 316 337 345 05 337 15
Jan-97 322 332 340 05 332 11

Feb-97| 297 M3 N7 02 33 18

Mar-97

Apr-97

May-97

Jun-87

Jul-97

Aug-97

Sep-97

Oct-97

Now-97

Dec97| 228 236 245 06 238 08 264 275 285 07 276 16 2717 280 283 02 280 05

Jan-98 170 179 185 04 178 13 324 329 334 03 330 07 283 289 203 03 288 o8

Feb-98| 359 420 456 32 M7 51 329 335 337 01 335 02 235 254 258 04 254 13

Mar-98| 323 405 43§ 22| 408 34 298 315 318 02| M7 12 151 213 219 04 212 [t

Apr-98 262 303 3086 02| 301 22
May-98

Tab4-11-12 xIs Salmy 9/30°09 9 41 PM YCS PBS&ET
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TABLE 4-12
STATISTICS OF SALINITY DATA - UPPER LAGUNA MADRE

Station ULM1 Station ULM2 Station ULM3
Time Monthly Average (%) of Daily Monthly Monthly Average (%) of Daly | Monthly Monthly Average (%o} of Dally | Monthly
Min T Mean | Max [St Dev| Mean [St Dev| Min | Mean | Max [St Devi Mean [St Dev| Min | Mean | Max (St Dev! Mean St Dev
Sep-94 i
Oct-84 i

Nov-94{ 304 309 321 04! 309 05 |

Dec-94{ 278 287 294 63 28 4 18 334 381 396 14 378 18 384 386 383 01 3886 05

Jan-85{ 264 269 275 03] 268 27| 300} 348 368 15] 349 41 365 370 3r7 03 370 33

Feb-85{ 308 333 340 03 333 13 372 421 432 10 422 20 421 43 448 03 43 17

Mar-95| 286 304 308 03] 304 10| 344 375| 386 06| 374 16| 309 388 N7 27 260 137

Apr-95| 282 300 305 03| 300 o8 352 379 387 04) 3J79 18 350 388 392 02 388 07

May-95| 287 303 313 04| 303 08| 375 395| 402 o4 395 13| 351 374 3.2 05 373 24

Jun-85| 311 330 344 06 330 15 335 361 370 06 362 22 328 343 347 02 343 15

Jul-95 313 238 351 06 337 12 329 342 358 06 348 33 308 326 334 03 328 16

Aug-95| 331 348 354 02 348 06] 350! 373| 3sz 05 373 11 328 348 366 03 350 22

Sep-95| 330! 345 349 02 345 10 352 386 392 06 385 22 347 363 367 a2 360 16

Oct-95| 287 324 328 02 324 13| 358 379| 385 03| 378 11 365 382 385 02 381 15

Nov-85| 288| 307 320 06 311 14 358 386 390 03 386 o7 360 382 385 02 381 11

Dec-95| 292 314 324 04 314 08 360 380 354 03 380 10

Jan-96| 317; 321 327 02 321 08 389 378 380 03 375 09 377 3|2 386 02 382 o7

Feb-96| 310} 328 333 02 327 06 350 372 378 21 372 o8 361 380 385 03 380 16

Mar-96| 319! 338 343 03 339 05 391 411 416 03 412 11 390 409 415 03 409 16

Apr88| 217 341 350 05 341 16 383 N7 425 06 416 10 388 410 LE] 03 410 20

May-96| 335 357 364 03 367 14 382 404 415 0S5 404 o8 377 381 384 02 380 11

Jun-G6) 356 384 395 05 382 17 403 423 430 03 423 07 384 402 405 02 402 08

Jul-96 384 415 427 05| 415 11 402 449 466 11 448 28 373 427 440 11 427 26

Aug-96 458, 487 494 04| 487 13
Sop 96 | 438 466 480 07| 466 28 397 430 448 08 430 25
Oct-96 ] 4261 464 481 11 464 23 404 432 449 08 432 20
Nov-96 434 458 470 06 458 21 380 406| 421 07] 404 24
Dec-86 463 | 486 493 03 487 12

Jan-97| 344 353 363 05 353 17 451 476 487 13 476 27 442 457 471 08 457 45

Feb-97| 305 336 341 04 335 12 38\7 436 456 12 435 31 3B7 436 456 12 435 31

Mar-87

Apr-87

May-97

Jun-97

Jul-97

Aug-97

Sep-97

Qct-07

Nov-87 222 233] 240 05| 23z 156

Dec-97| 270 272 274 01 273 04 192 222 227 04 222 1] 243 248 252 02 248 10

Jan-98| 273 274 276 01 278 08 246 252| 289 04 252 08 248 253 258 03 253 11

Feb-98( 260) 286 290 02 287 20 220 234 238 02 234 08

Mar-98| 220) 248 253 03] 247 13| 223 242 252 06| 242 13 204 236 241 02 236 06

Apr-98 261 265 270 03] 265 25 28 276| 219 02 276 03

May-88] 218§ ] 269 a5 255 18

Tabd-11-12 xls Salinnty 9/30/99 ¢ 41 PM YCS PBS&S
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50 CURRENTS

As noted m the previous chapter, current velocity is the primary mechamsm operating m the
processes of suspension, transport and settling of sedrment. Most of the instrumentation and observational
effort of this project were directed at quantifying this vanable. In this chapter, the features of currents and
therr variations are examined from several different aspects.

51 GENERAL FEATURES OF CURRENTS IN THE LAGUNA MADRE

Currenis respond to the forcing of wind and water-level variations. As noted earhier, at the
smallest space-time scales, the effect of wind 1s manifested in the production of short period capillary and
gravity waves from the wind stress on the surface Wind waves also have associated currents, which are
augmented 1n shallow waters With increasing wind speeds, waves overtop and break, creating mtense
patchy turbulence distributed through the water column. The intense, chaotic currents which resnlt
contribute to vertical mrxmg of waterborne constituents, including suspended sedunent. This turbulence also
extends to the bottom in shallow systems like the Laguna Madre, directly mobilizing sediment particles from
the bed. At larger space-time scales, wind stress forces a direct current resulting in movement of water (and
any materials m suspension or solution) A sudden change in wind in erther speed or direction (or both)
results in a corresponding movement of water and variation 1n the water level.

Indirect effects on currents and water level in the Laguna Madre can be summarized as the
response of the Laguna to direct effects of wind on adjacent waterbodies. The larger the surface area of the
waterbody (more specifically, the larger the fetch) and the shallower the depths, the greater the response to
wind stress, and therefore the greater the potential for the resultant change n water level to affect the
Laguna The filter through which this effect 1s passed 1s the infet(s) connecting the Laguna and the adjacent
waterbody. The Gulf of Mexico 15 the most important such adyacent waterbody, but Corpus Christi Bay and
Baffin Bay can be mmportant in local regions of the Laguna Madre. Ward (1997) and references therein
discuss the mechanics of a co-oscillating bay 1n communication with a larger waterbedy through a narrow
mlet, and likens the response of the bay to a stilling well, m the way that longer period variations pass
through the inlet, but shorter period variations are filtered out.

Water-level forces currents through pressure gradients that accelerate the water. Variation
in water level is a direct mdex, therefore, to currents that mobilize and transport sediment, The nature and
sources of water-level variation were addressed i Section 4 2. One of the dormnant variations in water level
1s the semi-annual secular rise and fall of sea level (Ward, 1997). While thus is a key process 1n the large-
scale depletion and storage of water in the Laguna, it takes place over such a long time that the direct current
resulting 1s small, and impossible to resolve, even with the precision of modern sensors What is important
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about the serm-annual secular variation is that this is the main contributor to the net annual excursion in
water level, and governs the water depths, hence the effect of more dynamic short-term processes.

For shorter-period signals, there is a degree of filtering upon passage of the signal from the
Gulf of Mexico through the inlets Important (astronomical) tidal components include the fortnightly (~ 14
days), the diurnal (24.8 hrs) driven by the lunar day, and the semi-diurnal (12.4 hrs) of the lunar half-day.
The 14-day component receives relatively hittle attenuation, and propagates easily mto the Laguna, but like
the semi-annual variation, the rise and fall of water is so slow that the resulting current will be manifest, if
at all, as a background net flow, upon which more short-term variability 1s superposed. In Section 4 2, 1t
was inferred that the diurnal and semi-diurnal components of the tide are substantially attenuated within the
shallow water of the Laguna In addition to the astronomical tides, meteorological systems impose additional
variation in water level, prunarily through the effects of wind stress. Seabreeze circulations contribute a
24-hr component (i addition to the tidal component 1nduced by the sun), and frontal passages, especially
during the winter can introduce energy in the 3-7 day components, depending upon the season In addition,
local meteorological forcing results in local set-up and set-down of the water. These responses can have a
substantial effect on currents.

Unlike wind, which 1s a measure of flow m a laterally unbounded system (the atmosphere),
current depicts movernent m a bounded system. The system 1s bounded vertically, and the shallow water
(and high aspect ratio) of the Laguna confines most of the energy to the horizontal plane. The system is also
bounded laterally by shoals and shoreline, which has further confimng effects on the directions of curtent.
Also unhke wind, the current velocity sensors are much less rugged and more prone to failure, so the record
mcludes frequent data gaps For some months, only a few measurements exist, and the corresponding
statistical depictions may be significantly distorted.

An mventory and statistics of the current data are presented in tables 5-1 through 5-6, on a
monthly basis for the study period, platform by platform. The direction convention on all of these tables
and figures is that to which the current flows, which 1s the usual convention for reporting direction of a
current For purposes of this imventory, the current data 1s subdivided into several categories:

"Good" - the measurements determmed to be physically plausible and
therefore mcluded 1n the final data compilation;

"Outhers" - the measurements whose magmitudes are so large as too
be physically implausible, i e., "freak"” values, and are deleted from
the compilation;
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"Calm" - zero values of both components that occurred under
conditions (little wind, steady water levels) making such behavior
plausible, and therefore included m the final data compilation,

"Zeros" - zero values that occur m lengthy flatline episodes under
conditions unlikely for zero currents to occur, and are therefore
deleted from the compilation;

"Missing” - data records containing the CBI character entry for
"missing data"

The number of possible measurements m each month, based upon the data reporting interval
and the number of days in the month 1s the value under "Total". The number of "Good" measurements
includes the number of "Calm” The data not accounted for by these categories are the records lost to time
gaps m the data record, i.e.

TIME GAPS = TOTAL - (MISSING + ZERCS + OUTLIERS)
Therefore, the total number of missing records in the data compilation each month 1s:
MISSING + ZEROS + QUTLIERS + TIME GAPS

An important statistic in these tables 1s the monthly vector mean, given under the heading
"Mean Current,” as this is a direct measure of any net flow during that month In contrast, the magmtude
of the current vector, given under the heading "Speed” in these tables, 1s a measure of the mean energy in
the current and the variability ("turbulence") of that current is indicated by the standard deviation It 1s
noteworthy that each station exhibits a propensity for net flow that 1s fairly consistent from month to month
At both LLM1 and LLM2 there 15 a northward component in the net flow, the current at the more northerly
station (LLM]1) setting about 45 degrees more clockwise to E of N It is interesting to note that the same
net northward mean set to the current was detected in the 1980 Intensive Inflow study in this region (Ward,
1681), mterpreted as a mean wind-driven crreulation entering the Lower Laguna through Brazos Santiago
and exiting through Mansfield Pass. In the Upper Laguna, the current at Station ULM?2 does not set north-
south as one might anticipate from the geometry of the Laguna, and as 1s exlubited by ULM3 farther south,
but has a significant component directed into Baffin Bay. Station ULM1 in Corpus Christi Bay just north
of Bulkhead Flats shows predominantly westerly currents, paralleling the trend of the south shoreline and
1ts continuation along the face of the Flats.
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TABLE 5-1
STATISTICS OF CURRENT DATA FROM STATION LLM1

Date Number of Data Points Speed (cm/s) Mean Current | North-South Component (cmis} | West-East Component (cm/sL

Total | Good | Missing | Zeros | Outliers| Caim | Mean | St Dev | (cmys) [(° from N)| Max | Min | Mean | St Dev | Max | Min | Mean | St Dev

00/94 | 7,200 | 6,448 4 8 ol 7| 45| 28| 02| 2413 77| 81| 37| 25| 62| 48| 22| 18

10094 | 7,440 | 4966 | 210| 196| 0| 23| 60| 41| 02| 1704| 1| 96| 53| 49| 56| 47| 23| 27
1194 | 7200 | 6324| 47|